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TLATB 1.—Fig. L—Dolerite (36/507 : 17472) from a dyke near Kasia, Keonjhar 
State. Ordinarj" light, X 24. 

Fig. 2.— Granophyre (36/502 : 17468) from the dyke near the inter¬ 
section of the stream south of Hastinapur. Polarised 
light, X 24. 

Fig. 3.—Granophjre with epidote (36/501 : 17407) from the dyke one 
mile south of Gumaria. Polarised light, X 24. 

Fig. 4.—^Norito (36/520 : 17486) from the dyke just east of Burgapur. 
Ordinary light, x 24. 

PL4TB 2.—Fig. 1.—Side of 298 A, showing the arrow-headed form of the stone. 

Fig. 2.—^Adjacent side of 298 A, showing numerous shallow 
depressions, sometimes compound in nature. 

pLATB 3.— Fig. 1.—Side of 298 A, opposite to that shown in Plate 1, figure 2. 

Fig. 2.—Truncated base of 298 B, with numerous small depressions. 

3lie crufetlcss areas showm in this and succeeding views 
of this stone were probably covered vnth crust which 
has since been removed either by accident or design. 

PLATB 4—-Fio. 1.—^Top and lateral view of the spheroidal part of 298 B, show¬ 
ing a compound system of relatively deep r’epressions. 
Scratches of human agency may be seen on the upper 
crustlcss area. 

Fig. 2.—Flattened side of the spheroidal part of 298 B. 

PLATB 5.— Fig. l.--Side of 298 C, showing a small glazed area of crust due 
to the fusion of a relativel}'^ large mass of more easily 
fusible material, probably troilite. 

Fig. 2.—Side of 298 C, showing two largo crust loss areas from which 
pieces have been broken off. 

Fig. 3.—Side of 298 C, showing numerous crustal depressions. 

Fro. 4.-^ide of 298 C. 

PLATB 6.—Fig. 1.—Base of 298 D, an almost complete stone. 

Fig. 2.—Base and side of 298 D, showing crustal depressions. 

Fig. 3.—Side of 298 D, 

Fig. 4.—Side of 298 D, with numerous depressions and showing 
pointed top of the stone. 

PLATB 7,—^Fig. 1.—Side of 298 E, an almost complete stone. 

Fig. 2.—Side of 298 E. 

Fig. 3.-—Side of 298 E. 

Fig. 4.—Side of 298 E. 

PLATB 8.—“Fig. 1.—Side of 298 F, showing numerous depressions. 

Fig. 2.—^Opposite side to above. 

Fro. 3. —^Veiy irregular surface of 298 F. 

‘|Pxo, 4.--&QOotli side of 298 F. 
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PLATE Fio* l.--Side of 29S G, ao almoit oomplote floiie. 

Fio. 2.—Opposite side of 298 G. 

Fio. 3.—Largest face of 298 G. 

Fig. 4.—Opposite face of 298 G. 

PLATE lO,— Fig. 1.—Side of 298 H, a very incomplete stone weathered on its 
crustless areas. 

Fig. 2.—Side of 298 H. 

Fig. 3.—Side of 298 I, an almost complete stone. 

Fig. 4.—Side of 298 I. 

Fig, 5.—Side of 298 I. 

PLATE II.—^Fio. 1.—Side of 298 J, an incomplete atone, showing numerous 
shallow dospressions. The side of 298 K shown in Fig. 5 
originally joined this side. 

Fig. 2.—Opposite side of 298 J. The side of 298 K shown in Fig. h 
originally joined this side. 

Fig. 3.—^End of 298 J, showing depressions. 

Fig. 4.—Base of 298 J, showing numerous de(>ressions. 

Fig. 5. — Side of 298 K, a fragment broken off from the largo stono 
298 J. This and the next view were taken when K 
weighed 76»3816 grams and not 5(i»3074 as at present. 

Fig. 6.—Opposite side of 298 K. 

PLATE 12.—^Fig. 1.—View of 298 L, an incomplete stone. 

Fio. 2.—Opposite view of 298 L, showing a rough secondary crust, 
8. on two faces, the usual smooth crust, (', showing up 
well ill contrast. F is a fracture surface. 

Fig. 3.—View of 298 M, an uiMmiplotc stone. 

Fig. 4.—View of 298 M. 

Fig, 5.—Side (tf 29H M, adjacent to Fig. 3 above, showing auinerou« 
doprossions. 

Fig. 6.—8ido of 298 N, an almost complete stone. 

Fjo. 7,—Opposite side of 298 Js, showing shallow depressions, badly 
dovelojKjd flow lines, and some minor erustlcss ureas. 

PLATE i:5.— Fig. 1.—Photomicrograph of 298 K, thin section 23884, showing 
an eccentric chondrus composed of Inmellj® of olivine, 
clinoeiistatitc and enstatite, and grains and larger crys¬ 
tals of nickel-iron and troilite (both black), olivine, 
enstatite (rare m this photo) and colourless ? apatite. 
< Iff. 

Fig. 2.—Photomicrograph of 298 K, thin section 23885, showing 
the general structure of the stone. A granular olivine 
aggi'<^gate, larger olivine crystals, enstatite (lighter colour) 
and troilite, magnetite and nickel-iron (last three black) 
may be seen, x 36. 

Fig. 3.—Photomicrograph of 298 K, thin section 23886, showing 
a triangular section of colourless apatite surrounded by 
grains, lamellse and crystals of olivine, with other crys¬ 
tals of olivine, clinoenstatite, enstatite, and nickel-iron 
and troilite (last two black), x 36. 
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PLATE I I.—Fio. 1.—Tirupati Meteorite, (297), front view. 

Fig. 2.—Tirupati Meteorite, (297), back view. 

PLATE —Bahjoi Meteorite, (175), before* cutting (Photo : II. P. (!onnell). 

PLATE 16.—Fig. 1.—Bahjoi Meteorite, (175), front view. 

Fig. 2.—Bahjoi Meteorite, (175), back view. 

PLATE It.—Etched face of Bahjoi Meteorite, (175), x4-2. 

PLATE 18.—Etched face of Bahjoi Meteorite, (175), x2*5. 

PLATE 19.—Fjo. 1.— Osimi {Crassosirea) gajensU, Vrerlenbiirg. Left vahc, ex¬ 
ternal view. Regd. No. K8/,‘Mlr/. Near Ptuipada. 

Fig. 2. —OMrea (Crassostrea) gajpvsi\% Vredenburg. valve, in¬ 

ternal view (another Kf)ecimen). Kegfl No. K8/n4P>. 
Near Baripada. 

Fro. 3 .—Ostrea {Crassostrea) gujensiSf Vredenbiirg. RiLdd valve, 
internal view (another specimen). Regd. No. K8/341r. 
Near Baripada. 

i'LATE 20.— Figs. I, 2.— Mafonidivm. indimm. sp. iiov. Counterparts of a por¬ 
tion of the frond, showing proximal parts of several 
“ rays ”. In fig. 2 a portion of th(‘ funnel-shaped 
expansion at the top of the petiole is preserved at /, 
and a few sterile pinnules at s. fC. S. 1. tvpe No. 15, 

778. J 

Figs. .3, 4,— Matonidium indicum, sp. nov. Funnel-shaped expan¬ 
sion, with basal parts of “ rays ”, seen from the 
dorsal side. The point of attachment of the petiole 
is preserved. Fig. 4, x ca 2. [G. S. I. type No 15, 

779. ] 

Fig. 5 .—MaUmidium indicum, sp. nov. The same, in lateral view ; 

the adaxial side is towards the left; the arrow indicates 
the scar of the petiole. [G. S. I. type No. 15, 779.] 

Figs. 6, 7 .—Maimidium indkum, sp. nov. Counterparts of a frond, 
showing the “ funnel ’* from the adaxial side. Note 
the pedate mode of origin of the rays. [G. S. I. 
type No. 16, 780.] 

TLATE 21.—Fio. 1 .—Matonidium indicum, sp. nov. Mould of a funnel-shaped 
expansion, seen from above, with basal ends of “ rays 
The elliptical hole in the middle is continued downwards 
as a canal in which the petiole lay. On the right a few 
rays ” are preserved, x IJ. [G. S. I. type No. 15, 
781.] 

Fra. 2 ,—Matonidium indicum, sp. nov. Counterpart of the above 
specimen, showing one of the rays preserved for a length 
uf 14 cm. The ribbed character of this ray is seen at r. 
The ** funnel ” at the extreme left of fig. 2, is shown 
enlarged in fig. 3. Slightly reduced. fG, S. I. type 
No. 15, 781.] 

Fig. 3 .—MaUmidium indkum, sp. nov. Part of the funnel-shaped 
expansion from the same specimen, showing bases of 
some of the “rays”, x 2J. [G. 6. 1. type No. 16, 
78L] 
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Fig. 4.— Matonidium indicurrif sp. nov. Bibbed axis expanding at 
the lower end, probably a petiole of this species. Similar 
fragments are seen in Plato 20, figs. 1 and 6. [G. S. I. 
type No. 15, 782.] 

Pig, 5 .—Matonidium indicum. Basal part of a fertile pinna. [G. S. 
L type No. 15, 783. i 

Fig. 6.— Matonidium indicum, sp. nov. Transverse section of a 
pinnule, X ca. 15. [G. S. I. tj-pe No. 15, 784.] 

FLATB 22. —Fig. 1.— Matonidium indicum, sp. nov. Part of a fertile pinna seen 
from the upper side. X 2. [G. S. I. type No. 15, 
785.] 

Fig. 2.— Matonidium indicum, sp. nov. Part of a fertile pinna seen 
from the upper side. X 3. [G. S. I. type No, 16, 
78G.] 

Fig. 3.— Matonidium indicum, sp. nov. Several fertile pinnules 
showing the loww (sporangiferous) surface. X 7. 
[G. S. I. t>T)e No. 15, 787.] 

Fig. i,—Matonidium indicum, sp. nov. Part of a fertile pinna seen 
from the upper side. [G. S. I. type No. 15, 788.] 

¥iq !).--WeiGh8eUa reticulata. Mould of main rachis with parts of 
secondary rachises attach*^d, showing paired soars of 
vas’ular strands of pinnuh^s. [K33/730.] 

PLATE 23 .—F 1 G. 1.— W eichselia reticulata . fK33/731.] 

Fio. 2.— Wcichselia reiiculaia. [K33/7r)L| 

Fig. 3. — Weichselia reticulata, [K3.3/733.] 

Fig. 4.— Wcich^cIia reticulata, X 3. [K33/731.] 

Figs. 5, G.— Wcichselia reticulata. Hiinulos showing reticulate vena¬ 
tion. Fig. 5, X 5; fig. G, X 12. [^33/735.] 

Fig. 7, —? Weichselia reticulata. Distal part of a pinna seen from 
below. X 2. [K33/730.] 

Fig. 8.— Sphcnopferis sp. IVagmcnts, x 3. [K33/730.] 

Fig. 9.—? Sphenopteris sp. Fragments of frond. [K33/73G.] 

Fig. 10.—? Tkinnfeldia sp. Fragment of frond. X 3. [K33/736.] 

PLATE — Matonidium indicurn, sp. nov. Reconstruction of a frond as seen 

from the abaxial side. 

PLATE 26.—^Fig. 1.—‘Dorsal* view of specimen No. K 24/866 identified as 
Baculites sp. vagina (?) by Dr. G. do P. Cotter and re¬ 
cognised by the WTiter as of inorganic origia. Note 
the segmentation and * dorsoventrally * running ridge 
of probable secondary origin. 

Fig. 2.—Same specimen, showing trilol)ed character of the unbroken 
extremity. 

Fig. 3.—Same specimen. Lateral view, showing * dorso-ventral * 
ridge and acute middle lobe of the preserved end of the 
specimen. 

I’tAfE 26.*--Gcological map of parts of the Shan States and Yunnan, (Scale 
1 inch— 32 miles,) 
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Fig. 2.—Similar section through a relatively more conical micros- 
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Fig. 4,—^Transverse section tlirough a microspheric individual 
passing very near the base, x 16, 
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X 16. 

Fig. 6.—Portion of specimen figured in Plate 28, fig. 2, enlarged, 
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(iaoLOGioAL Surveys— could. 

Northern Circle — contd. 

Dehra Dun district and Tehri Garhwal State, United Pro¬ 
vinces ......... 

Bhagirathi river and Gangotri area, Tehri Garhwal State 

Kangra, Hoshiarpur and Ambala districts and Patiala, Nala- 
garh and Mailog States, Punjab ..... 

Kaira and Ahmt^dabad districts and Main Kantha States, 

Bombay .. 

Southern Girdle . 

* Assam, Khasi and Jaintia Hills ..... 

Garo Hills ......... 

Kliasi Hills ......... 

Midnapore and Bankura districts, Bengal, and Manbhum 
district, Bihar and Orissa. 

Bastar State, Central Provinces, and Joy pore Esiatci, Vizaga- 
patam district, Madras ...... 

Bastar State.. 

Nagpur and Chliindwara districts. Central Proviiujcs . 

Bhaiulara district and Nandgiion and Khairagarli States, 
Central Provinces ....... 

BlBLlOaRAPHY. 


Paras. Page. 


92 73 

93 75 

94 77 

95 79 
96-104 81 

97 81 

98 82 

99 84 

1(K» 86 

101 86 

102 89 

103 89 

104 90 
106 92 


DISPOSITION LIST. 

D lJlilNG the period under report the officers of the llepartmeiit 
were employed as follows;— 

Superintendents, 

Dr, a. M. Heron . Returned from the field on the 31st March, 

1935. Left for Kashmir on the 16th 
May, 1935, and returned on the 15th 
June, 1935. Continued in charge of 
the Northern Circle till the 17th Sept¬ 
ember, 1936. Appointed to officiate 
as Director from the 18th September 
to the 7th November, 1936, vice Sir 
Lewis L. Fermor on leave preparatory to 
retirement, and confirmed in that 
appointment from the 8th November, 
1935. Investigated the correlation of the 
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Tertiary rocks along the north-east 
edge of the Pinjor and Nalagarh dun$ 
from the 26th September to the 13th 
October, 1935. 

Ur. C. S. Fox • . Left for field work in Assam on the 15th 

January, 1935, and returned on the 
14th April, 1935. Visited Nunidih- 
Jitpur colliery, Jharia coalfield, 
between the 18th and 20th July, 1935. 
Inspected the Saranda Tunnel of the 
Bengal Nagpur Railway on the 30th 
July, 1935. Investigated the pro¬ 
blem of the drinking water supplies 
for the East Indian Railway at Madhu- 
pur on the 23rd October, 1935. 
Visited the Kalaktambi mica mine near 
Kodarma on the 15th November, 1935. 
Continued in charge of the Southern 
Circle till the 17th September, 1936, 
and thereafter placed in charge 
of the Northern Circle. Left for 
Assam on the 30th November, 1936, 
and returned on the 28th December, 

1935. Investigated the danger of 
subsidence and flooding after under¬ 
ground fires, in seams XI and XII to 
the west of the Kari Jor, Jharia coal¬ 
field, on the 29th December, 1936. 

Mr. K. L. G. CLEao . Left for Myitkyina on the 2nd January, 

1936, and returned to Rangoon on the 

7th January, 1935. Left for field work 
in Thayetmyo on the 8th January, 
1936, and returned to Rangoon on the 
21st February, 1935. Continued the 

large scale geological survey of the 
Mogok Stone Tract and left lor the 
field on the 13th March, 1935, and 
returned to Yenangyaung on the 

22nd May, 1S36. In addition to 

charge of the Burma Circle, took over 
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charge of the office of the Resident 
Government Geologist, Yenangyaung, 
from the 22nd April, 1935, vice 
Mr. E. J. Bradshaw on leave. Left 
Yenangyaimg for Rangoon on the 

11th June, 1936, and returned to 

Yenangyaung on the 18th June, 

1936. Left Yenangyaung for Rangoon 
on the 20th August, 1935, and for 
Calcutta on the 22nd August, 1935. 
Left Calcutta on the 8th September, 

1935, and returned to Rangoon on the 
10th September, 1935, and to Yenang¬ 
yaung on the 15th S(‘ptember, 1935. 
Left Yenangyaung for field work in 
Thayctmyo on the 4th November, 1936, 
and returned on the 17th Novembei, 
1935. Left Yenangyaung on the 
26th November, 1935, and returned on 
the same date. Made over charge of 
the office of the Resid('nt Government 
Geologist, Yenang}'aung, to Mr. E. J. 
Bradshaw on the lOth December, 1935. 
Left Yenangyaung on the 10th Decem¬ 
ber, 1935, and returned to Rangoon 
on the 12th December, 1935. 

Assistant Sujyerintendents, 

Mr. H. Crookshank . Granted combined leave out of India for G 

months and thirteen days, and availed 
himself of the same from the 3rd May, 
1935, from the field. Returned from 
leave and resumed duty on the 17th 
November, 1935. Appointed Super¬ 
intendent from the 8th November, 
1935. Placed in charge of the 
Southern Circle from the 17th Novem¬ 
ber, 1935, and left for field work in the 
Central Provinces and Madras on the 
21st December, 1936. 
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Me, B* J, Bradshaw • Contmued as Resident Government 

Geologist, Yenangyaung, and official 
member of the Advisory Board of the 
Yenangyaung and Singu oilfields 
till the 22nd April, 1936, Granted 
combined leave out of India for 7 
months and 16 days, from the 23rd 
April, 1936. On return from leave, 
attached to the Burma Circle and 
assumed charge of the duties of the Res¬ 
ident Government Geologist, Yenang¬ 
yaung, on the 10th December, 1936. 

Dr, a, L, Coulson , Returned from leave and resumed duty 

on the 28th June, 1935. Appointed 
Curator of the Geological Museum and 
Laboratory from the 11th July to the 
17th September, 1936. Appointed to 
officiate as Superintendent from the 
18th September to the 7th November, 
1935, vice Dr. A. M. Heron officiating 
as Director, and from the 8th to the 
16th November, 1935, vice Mr. H. 
Crookshank on leave; placed in charge 
of the Southern Circle during that 
period. Attached to the Northern 
Circle for work in the North-West 
Frontier Froviucc and South Wazir- 
istan. 


Mr. D. N. Wadia 


Dr. J. a. Dunn . 


Continued to act as Paleontologist 
till the 6th March, 1936. Granted 
leave out of India on average pay for 
8 months from the 7th March, 1936. 
Returned from leave and resumed duty 
on the 11th November, 1936, 
Attached to the Northern Circle for 
work in Kashmir. 

Returned from leave and resumed duty 
on the 16th September, 1936, 
Appointed Curator of the Geological 
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Mr. C. T. Barber 
Mr. E. R. Gee . 


Mr. W. D. West 


Dr. M. S. Krishnan 


Mr. J. B. Auden 


Mr. V. P. SoNDHi 


Museum and Laboratory from the 18th 
September, 1935. Visited Kamptee 
in connection with the borehole water 
supply scheme between the 27th and 
29th September, 1936. 

Retired from service from the 17th July, 
1935. 

Continued in charge of Office as Assistant 
Director. Appointed Palaeontologist 
from the 7th March to the 20th May, 
1935. Visited the Punjab Salt Range 
from the 27th September to the 15th 
October, 1935. 

Left for field work in the Central Pro- 
viniies, Rewa State and tlie Simla Hima¬ 
layas on the Ist February, 1935, and left 
Simla for Quetta on the 7th June, 1935, 
to investigate the Quetta earthquake. 
Returned to Simla on the (ith July, 

1935, and to headquarters on the 14th 
Jidy, 1935. Attached to the Southeni 
and Nortliern Circles for work in the 
Central Provinces and the Simla Hima¬ 
layas respectively. 

Continued to act as Curator of the Geolo¬ 
gical Museum and Laboratory till the 
10th July, 1935. Granted combined 
leave out of India for 1 year and 4 
months from the 11th July, 1935. 

Returned from the field on the 9th July, 

1936. Granted leave on average pay 
from the 14th October to the 12th 
November, 1935. Attached to the 
Northern Circle for work in the 
Mussoorie Himalayas. 

Returned to Rangoon on the 6th June, 
1936. Left for recess in Calcutta on 
tho 11th June, 1935. Attached to the 
Burma Circle and left tor Rangoon to 
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continue the survey of the Southern 
Shan States on the 27th October, 1936. 
Left for the field on the 17th Novem¬ 
ber, 1935. 

Extra Assistant Superintendents, 

Dr. H. L. Chhibber . Returned to Rangoon from field work 

in the Myitkyina district on the 9th 
January, 1935. Granted leave on 
medical certificate on half average 
pay for 2 months and 4 days combined 
with leave “ not duefor 1 month 
and 26 days from the 5th March to 
the 4th July, 1935. Promoted to the 
grade of Assistant Superintendent from 
the 1st April, 1935. Resigned the 
service from the 6th July, 1936. 

Dr. P. K. Ghosh . Returned from leave and resumed duty 

on the 17th February, 1935. Attached 
to the Southern Circle for work in 
Madras and in the Central Provinces. 
Left for the field on the 4th March, 
1935, and returned on the 3rd May, 

1935. Promoted to the grade of 
Assistant Superintendent from the 
1st April, 1935. Prom the 25th 
August to the 2l8t September, 1935, 
visited the occurrences of natural 
gas at Gogha, Kathiawar, and at Hajad, 
Broach and Fanch Mahals district, and 
also investigated the limestone deposits 
of Surat district. Attached to the 
Southern Circle for work in the 
Central Provinces and in Madras and 
left for the field on the 27th November, 

1936. 

Dr. M. E. Sahni . Returned from the field to Rangoon on 

the 12th May, 1935. Promoted to the 
grade of Assistant Superintendent from 
the let April, 1936. Transferred from 
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Burma to India and left Rangoon for 
Calcutta on the 16th May, 1936. 
Appointed PalsDontologist from the 
21st May, 1935. 

Mr. D. Bhattacharji . Returned from the field on the 18th 

November, 1935. Attached to the 
Southern Circle for work in the Central 
Provinces, and left for tlic field on the 
13th November, 1935. 

Mr. B. C. Gupta . Attached to the Southern Circle for work 

in the Central Provinces, and left for 
the field on the 25th November, 1935. 

Mr. H. M. Lahiri . Returned from the field on the 28th 

April, 1935. Granted leave on average 
pay for 1 month and 12 days from the 
13th June to the 24th July, 1935. 
Attached to the Northern Circle for 
work in the Punjab. Granted leave on 
average pay for 1 month and 13 days 
from the 11th November, 1935, with 
permission to aflSx the Christmas and 
New Year holidays. 

Dr. L. A. N. Tver . Returned from the field to Rangoon on 

the 4th May, 1935. Loft for recess in 
Calcutta on the 7th May, 1935. 
Attached to the Burma Circle for work 
in the Amherst district and left for the 
field on the 12th November, 1935. 

Mr. P. N. Mukerjee . Returned from the field on the 22nd 

April, 1935. Granted combined leave 
for 2 years from the 19th September, 
1935. 

Dr. a. K. Dry . . Returned from the field on the 1st May, 

1935. Services transferred to Jash- 
pur State on foreign service from the 
1st November, 1935. 

Mr. a. M. N. Ghosh . Left for the field on the 16th January, 

1936, and returned on the 19th May, 
1936. Promoted to the grade of 
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Mb. S. Ray . 


P. C. Roy . 


N. K. N. Aiyengab 


A. B. Durr . 


Mahaueo Ram 


L. R. Shabma 


Assistant Superintendent from tlie 
7tli December, 1935. Attached to the 
Northern Circle for work in Assam. 

Artist. 

Remained at headquarters. Granted 
leave on average pay for 20 days from 
the 14th October, 1935. 

Assistant Curator. 

Granted leave on average pay from the 
2nd January to the 5th February, 1935. 
At headquarters. 

Field Collectors. 

Left for the field to collect fossil reptile 
remains iu Rewa and Hyderabad 
States on the 2nd March, 1936, and 
returned on the 16th April, 1935. 
Services transferred to Dr. H. De 
TeiTa on foreign service from the 1st 
May to the 26th September, 1935. 
From the 27 th September to the 16th 
December, 1935, collected specimens 
from the Punjab. 

At headquarters. 


Assistant Chemist, 

At headquarters. Granted leave on average 
pay from the 13th May to the 11th 
June, 1935. 

Chemical Assistant. 

Continued to act as Chemical AaatHt 4 tn t 
to the Burma Circle during the period 
under report. 
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D. Gupta . . .At headquarters. Granted leave on aver¬ 

age pay from the 19th January to the 
18th April, 1935. 

M. S. Venkatbam , At headquarters. 

V. Bhaskara Kao . At headquarters. Granted combined leave 

from the 30th April to the 28th June, 
1935. 

2. The cadre of the Department, at the end of the year, 
consisted of 3 Superintendents and 13 Assistant Superintendents. 


ADMINISTRATIVE CHANGES. 


3. Dr. A. M. Heron officiated as Director from the 18th September, 
to the 7th November, 1935, Sir Lewis L. Fermor, Kt., on leave, 


Promotions and 
appointments. 


and was coniirmed in the appointment of 
Director with effect from th(j 8th November, 
1935. 


Mr. H. Crookshauk was promoted to the grade of Superintendent 
with effect from the 8th November, 1935, vice Dr. A M. Heron. 
Dr. A. L. Ooulson officiated as Superintendent from tlie 18th Septem¬ 
ber to the 7tli November, 1935, vice Dr. A. M. Heron officiating as 
Director, and from the 8ih to the 16th November, 1935, vw Mr, H. 
Crookshauk on leave. 

Drs. H. L. Chhibber, P. K, Gliosh and M. K. Salmi were promoted 
to the grade of Assistant Superintendent with effect from the 1st 
April, 1935. Mr, A. M. N. Gliosh was promoted to the grade of 
Assistant Superintendent with effcict from the 7th December, 1936. 

Dr. M. S. Krishnan was Curator of the (biological Museum and 
Laboratory till the 10th July, 1935, wffien lui was relieved by Dr. A. L. 
Coulson. From the 18th September, 1935, Dr. J. A. Dunn was 
Curator. 

Mr. D. N. Wadia continued as Palaeontologist till the 6th March, 
1935, when ho was relieved by Mr. E. R, Geo. From the 21st May, 
1935, Dr. M. R. Sahni was Palaeontologist. 

4. Sir Lewis L. Fermor, Kt., retired from the service with effect 


Reffrementft and 
resignation* 


from the 8th November, 1935. 

Mr. C. T. Barber retired from the service with 
effect from the 17th July, 1935. 



12 Becards of the Oeological Survey of India. [VoL. 71. 

Dr. H. L. Chliibber resigned the service with effect from the 
5th July, 1935. 

6. Sir Lewis L. Fermor, Kt., was granted leave on average pay 
for one month and twenty-one days with effect from the 18th 
Leave September, 1935, with permission to retire on 

the expiry of the leave. 

Mr. H. Crookshank was granted leave out of India on average 
pay for three months combined with leave on half average pay for 
three months and thirteen days with effect from the 3rd May, 1936. 

Mr. E. J. Bradshaw was granted leave out of India on average 
pay for four months combined with leave on lialf average pay for 
three months and fifteen days with effect from the 23rd April, 1935. 

Mr. D. N. Wadia was granted leave out of India on average pay 
for eight months with effect from the 7th March, J935. 

Dr. M. S. Krishnan was granted leave out of India on average 
pay for five months combined with study leave for eleven months 
with effect from the 11th July, 1935. 

Mr. J. B. Auden was granted leave on average pay for one month 
with effect from the 14ih October, 1935. 

Dr. H. L. Clihibber was granted leave on imxlioal certificate on 
half average pay for two months and four days combined with leave 
* not due ’ for one month and twenty-six days with effect from the 
6th March, 1936. 

Mr. H. M. Lahiri was granted leave on average pay for one month 
and twelve days with effect from the 13th June, 1935, and again for 
one month and thirteen days with effect from the 11th November, 
1935. 

Mr. P. N. Mukerjee was granted leave out of India on average 
pay for eight months, combined with leave on half average pay 
for four months and study leave for twelve months with effect from 
the 19th September, 1935. 


OBITUARY. 

6. James Malcolm Maclaren died on the 14th March, 1935* 
Dr. Maclaren joined the Geological Survey of India as a Mining 
Specialist on the 29th October, 1902, and resigned therefrom on 
the 9th October, 1906. An obituary notice has been published in 
Seeofde, Oeol Surv. Ind., Vol. LXIX, pp. 386-386. 
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HONOURS AND AWARDS. 


7, The title of Knighthood was conferred on Dr. L. L. Fermor, 
Director, Geological Survey of India, on the occasion of the King- 
Emperor’s Birthday in 1935. 

8. The Government of India Prize of lls. 500 awarded annually 
by the Council of the Mining and Geological Institute for ‘ the best 
paper by a member read before the Institute and published in tlie 
Transactions each year ’ was awarded for the year ending the 31st 
October, 1935, to Professor C. Forrester, Indian School d Mines, for 
his paper entitled ‘ A Study of the Barakar Coals of the Jharia 
Coalfield ’. 


LECTURESHIP. 


9. Dr. M. S. Krishnan continued to act as a part-time Professor 
of Geology at the Presidency College, Caleiitta, till the 27th June, 
1935, and thereafter Dr. A. L. Coulsou. 


POPULAR LECTURES. 

10. The following popular lectures were delivered by t>thcers of 
the Department during the year:— 

(1) ^ The Movement of Underground Waters, including radio¬ 

active waters and mineral springs ’ by Dr. C. S. Fox 
before a meeting of the Mining and Geological Insti¬ 
tute of India held at Dhanbad. 

(2) ‘ On Meteorites ’ by Dr. A. L. Coulsou at the Presidency 

College, Calcutta, and before a meeting of the Mining 
and Geological Institute of India held at Dhanbad. 

(3) ‘ The Quetta Earthquake of 1935 ’ by Mr. W. D. West at 

the joint meeting of the Mining and Geological Institute 
of India and the Manbhum Branch of the European 
Association held at Jharia. 

(4) ‘Work and Play in the Himalaya’ by Mr. J. B. Auden at 

the Presidency College, Calcutta. 

(6) ‘ Earthquakes ’ (four lectures) by Mr. J, B, Auden at the 
Patna University. 

(6) ‘ Recent Indian Earthquakes ’ by Dr. A. M. Heron at the 

Rotary Club, Calcutta, and as a Presidential Address 
to the Calcutta Geographical Society. 

(7) ‘On a recent visit to Abyssinia ’ by Dr. C. S. fox ai tl e 

Institution of Engineers (India), Calcutta. 
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11. At the request of the Principal, Indian School of Mines, 
Dhanbad, Mr. E. R. Gee prepared a report on ‘ Suggested tours in 

the Punjab Salt Range' for the use of the 

Suggested fours in students of the School during their annual 

Salt Range, Punjab. x xi. i. 

' excursions to that area. 

CENTENARY CELEBRATIONS OF THE GEOLOGICAL SURVEY OF 

GREAT BRITAIN. 

12. Sir L('wis L. Ferinor, Kt., O.B.E., D.Se., F.R.S., representing 

the Trustees of the Indian Museum, Calcutta, sent a Congratulatory 
Address to tlic Director of the Geological Survey of Great Britain 

on the occasion of its Centenary Celebrations held in July, 1935. 

13. Mr. H. Crookshank, Assistant Superintendent of this Depart¬ 
ment, delivered, while on leave in England, a Congratulatory Address 
on behalf of the Director and Officers of tlio G(‘ological Survey of 
India to the Director of the Geological Survey of Great Britain on 
the above occasion. 

CONGRESSES. 

14. Mr. D. N. Wadia, while on leave in Phirope, attended the 
Third International Congress of Soil Science held at Oxford, as a 
delegate from India. TIu' plenary sessions of the (jongress, from 
the 30th July in the 7th August, 19:15, wore follow^ed by an 
(ixcursion round Great Britain from the 8th to the 23rd August, 
1935, during which a number of soil profiles of characteristic English, 
Welsh and Scottish soils were examined. 

Among the more important contributions to the Congress, from 
an Indian point of view, were papers on soil genesis and cartography, 
soil-maps of different countries, aspects of tropical soils, and soil 
erosion. Representatives of 40 different countries of the world 
attended and a considerable volume of data and information on this 
comparatively new but vigorously growing science of pedology was 
exchanged. A number of typical soil samples and monoliths were 
exhibited showing their relation to the parent rock. Mr. Wadia 
has submitted a few notes on some of the subjects discussed of interest 
to Indian soil workers. 

Mr. Wadia also attended the Second International Congress of 
Carboniferous Stratigraphy held at Heerlen in Holland, from the 9th 
to the 13th September, 1936. Interesting papers on the tectonics 
and stratigraphy of the Permo-Carboniferous of Eurasia and North 



Part 1.] 


General Report for 1U35, 


16 


America were read and discussed. Other papers dealt with flf>ral 
successions, correlations of different Carboniferous provinces, coal 
petrography, nomenclature of coal components and the question of 
the connection of Gondwanaland with the Angara continent. 

PUBLICATIONS. 

15. The following publications were issued during the year 
under report:— 

1. Records, Vol. LXVIII, Part 4. 

2. Records, Vol. LXIX, Part 1. 

3. Records, Vol. LXIX, Part 2. 

4. Records, Vol. LXIX, Part 3. 

5. Memoirs, Vol. LXVI, Part 1. 

6. Palaeontologia Indica, New Series, Vol. XX, Memoir No. 5. 

LIBRARY. 

16. The additions to the library amounted to 3,326 volumes, 
of which 1,153 were acquired by purchase and 2,173 by presentation 
and exchange, 

17. During the year under review 107 volumes have been added 
to the library of the Burma Circle, of which 87 were purchased, 18 

„ were official publications and two were recc'ived 

Rangoon Office. ^^ 

gratis. 

DRAWING OFFICE. 

18. Mr. S. Ray was in charge of the Drawing Office througliout 
the year, except for a period of twenty days from the 14th October, 
1935, when he was on leave on average pay. 

19. During the year, 119 halftone and line blocks and 10 litho 
stones were prepared for plates of the Records, Memoirs and Palfcon- 

Publications tologia Indica, and 64 plates were printed off, 

83 drawings and diagrams and 78 line blocks 
for text-figures were also made. 

20. The nmnber of geologically coloured originals received from 
officers totalled 41, while 1,932 topographical sheets were received 
from the Director, Map Publication, Survey of India, and 787 were 
issued for departmental use. 

21. The photographic section was fully occupied with copying, 
developing and printing work for publications and reports. The 
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number of negatives received into stock totalled 203, while 
1,752 photographic prints were made. In 
Photographic section. ^(jjition, 181 lantern slides were made. 

MUSEUM AND LABORATORY. 

22. Dr, M. S. Kiislman continued as Curator of the Qeological 
Museum and Laboratory until his departure on leave on 11th July, 
1935, when the duties wore taken over by Dr. A. L. Coulson pending 
the return of Dr. J. A. Dunn from leave. Dr. Dunn acted as Curator 
from the 18th Sei)teiubcr, 1935, until the end of the year. 

23. Babu Puma Cliandra Roy continued as Assistant Curator 
throughout the year. Babu Dasarathi Gupta, M. R. Ry„ M. S. 
Venkatram and V. Bhaskara Rao continued to work as Museum 
Assistants, V. IL Khodkor held the post of temporary Museum 
Assistant from 13th May, 1935, to 26th September, 1935. Babu 
Mahadeo Ram continued as Assistant Chemist tliroughout the year. 

24. The number of specimens determined in the laboratory 
amounted to 687, of which 67 were quantitatively analysed or other¬ 
wise specially tested. The corresponding figures for the previous 
year were 620 and 105 respectively. Much of the analytical work 
was of a specialised character, such as the analyses of manganese 
minerals and of vanadium-bearing ores. 

25. In the absence of a Chemist the department continues to 
work under difficulties. As in previous years it has been necessary 
to send certain materials elsewhere for analysis, althotigh the labora¬ 
tory is well equipped to undertake analyses of varied types. 

26. Presentations of collections of rocks and minerals were made 

Donations tolnsmulions. etc. institutions during the 

year:— 

1. St. Xavier’s College, Crnickshank Hoad, Bombay. 

2. Yale University, New Haven, U. S. A. 

3. Department of Geology and Geography, University College, 

Rangoon. 

4. C. M. S. High School, Bhagalpur. 

6. Nadirshaw Edulji Dinshaw Civil Enginaaring College, 
Karachi. 

6. Department of Geography, University of Madras. 

7. Government High School, Wun, Berar. 

8. All India Institute of Hygiene and Public Health. Calcutta. 

9. St. John’s College, Agra. 
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27. The following special presentations were made:— 

1. Bauxite and laterite to A. K. Bose, Esq., Sardarpur P. 0.- 

via Vijapur, Baroda State Ky. 

2. Photomicrographs and specimens of mica to G. H. Tipper, 

Esq., India House, London. 

3. Bundelkhand gneiss to P. Venkayya, Esq., Kurnool, Madras. 

4. Manganese minerals, triplite, samarskite, etc., to Dr. Karl 

Chudoba, Bonn University, Germany. 

5. Chipped flints, supposed to be implements, to T. T. Paterson, 

Esq,, Yale University Expedition. 

28. In addition to the usual collections of minerals and rocks 
Addition to the collcc- niade by officers during the year, the follow- 

^***”^- ing material was also presented to the 

1 lepartment: - 

1. Water-worn }>el)ble found embedded in coal from Umaria, 

presented by the Manager, Umaria State Collieries, 
Hewa State. 

2. Rock specimens illustrating the geology of the A])palachian 

Region, by exchange with Yale University. 

3. New Zealand coals, presented by the Director, Geological 

Survey of New Zealand. 

4. Coal specimens, presented by the Geological Survey of New 

South Wales. 

5. Chrome-ore from Japan, ]>reseutod by Mr. A. L. Shrager. 
t). Beryl and barytes from Rajputaiia, presented by Mr. K. L. 

Bhola. 

7. Columbite, pitchblende, monazite, beryl and mica from Gaya 

district, presented by Mr. P. F. Thomas, Calcutta. 

8. Banded manganese-ore from Singbhum, Bihar and Orissiv, 

presented by Dr. E. Spence.r, Calcutta. 

9. Serpentine from near Cliaibasa., pre.sented by the Secretary, 

Automobile Association of Bengal, (\ilcutta. 

10. Kaolin from Manbhum, B.har and Orissa, presented by 

Captain B. K. ffoshi, Calcutta. 

11. Garnet from Hazaribagh, Bihar and Orissa, presented by Mr. 

K. K. Sen Gupta, Calcutta. 

12. Tourmaline from Ajmer-Merwara, presented by Mr. K. K. 

Sen Gupta, Calcutta. 

13. A huge crystal of quartz from Nepal, purchased. 
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29. Specimens have been recovered from two meteoric showers 
during the year 1935, botli of which, steangely enough, fell in the 
Tipj)era district of Bengal, some 17 miles apart, 
Meteorites. second .shower occurring after a lapse of 

some ^ months. 

The first shower fell in the vicinity of Perpeti (23° 19': 91° O') 
and other villages under the jurisdiction of Chandina and Kachua 
Police Stations, at about 11 p.m. on the 14th May, 1935, 14 specimens 
being recovered from a recttingular area five miles by three miles. 
The apparent direction of flight of the parent meteorite W'as from 
south-west to north-cast in the direction of the shorter rectangular 
side. The fall was accompanied by the usual phenomena of light 
and .sound. The largest stone, which fell at the village Perpeti 
that gives its name to the shower, weighed G,8G9'85 grammes. The 
total weight recovered amounted to 23,474*18 grammes. The meteo¬ 
rite is a white chondrite, Cw in Brezina’s classification, with a white, 
rather friable, mass with scarce, mostly white, chondrules. In 
Prior’ff classification, the Perpeti fall belongs to the Baroti and Soko- 
Banja types, hyperstheue-olivine-choadrites. Its specific gravity is 
3*654. The meteorite has been analysed and its description will 
be published in a paper by Dr. A. L. Coulson to appear in these 
Records} 

The second shower fell at about 2-20 p.m. on the 29th July, 
1935, in the vicinity of Patwar village (23° 9': 91° 11'), miles 
south of Nangalkot railway station and 20 miles south of Comilla, 
covering a rectangxdar area of about 4| square miles, the longer 
side of which was in the direction of flight (E.N.E. to W.S.W.) 
of the parent meteorite. The fall was accompanied by the usual 
phenomena of light and sound, the sound being heard at Ohaudda- 
gram, some seven miles away from the nearest village from which 
specimens were recovered. The largest specimen, weighing 23,111*6 
grammes, penetrated the ground to a depth of 34 inches. According 
to Brezina’s classification, taking into account Prior’s investigation 
of those groups, the Patwar fall is classified as a mesosiderite (graha- 
mite) (M) and so has added scientific interest. Its specific gravity 
is 4*21. A description of the meteorite has been published elsewhere,® 

It appears probable that a meteorite fell towards the north¬ 
west near Muzaffarpur in north Bihar at about 8 p.m, on either the 

’ Ree, Oed. Sure. Ind., 71, Pt. 2, (»» the Prete). 

• A. L. Coubon, op. eft., LXIX, Pt. 4, pp. 439-1S7, (1936). 
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8th or 9th August, 1935, but no traces of it havo been found. The 
‘ bright falling star ’ was also seen by residents of Darbhanga district. 

Another meteorite probably fell towards the near IJabi- 

ganj in the Sylhet district, Assam, at about 8 p.m. on tlu) 4th Novem¬ 
ber, 1935, but no specimens have been obtained. Tbe, locality iu 
question is only 80 miles north of Patwar in the Tippera district, 
from which the Patwar fall above was rc'covered. 

A report (»f a fall of a meteorite in a paddy field near the golf 
course at Shillong turncu out to be a case of lightning splitting a tree. 

30, In the laboratory of the Rangoon Mr. L. R. Sharma 

continued his duties as CJiemical Assistant to the Burma Circle, 

« Up to the end of November, 1935, 26 speci- 

Rangoon Office, ^ i i ^ i \ c 

mens were received and reported upon, out of 

which 9 were quantitatively determined. The specimens examined 

included minerals and rocks from the Blian States and the PyinmaiiH 

district. 

The Office of the Burma Circle has been moved from 593, Mer¬ 
chant Street back to the old quarters in 230, Dalhousi(} Street, 
Rangoon. 


STRATIGRAPHY. 


Atnbala district, Punjab. 


31. During the Pujah holidays in October, 1935, J)r. Heron 
investigated the correlation of the Tertiary rocks along the north¬ 
east edge of the Pinjor and Nalagarh duns. 
Originally those had been mapped as Nahan 
(Lower Siwalik) by H. B. Medlicott and R. D. Oldham, but Dr. 
G, E. Pilgrim had subsequently classified tliem as Dagshai. Jhiring 
this field-season Mr. H. M. Lahiri, having visited the type areas 
at Nahan (30^ 34': 77^ 17', 53 F/6), Dagshai (30^" 52' : 77" 3', 53 P/1) 
and Kasaidi (30® 54'; 76® 58', 53 B/13), expressed doubts about 
Dr. Pilgrim’s correlation and suggested a return to that of Medlicott 
and Oldham. Dr. Heron first examined the type sections at Nahan, 
Dagshai .and Kasauli and then coinparod the disputed beds at 
Kalka (30® 60': 76® 66', 53 B/13) and Nalagarh (31® 2’: 76® 44', 
53 A/12) with them. 

The Nahans at Nahan are predominantly soft greenish grey or 
drab sandstones weathering Idiaki with smooth surfaces and roun<ieJ 
adges; they are coarse and micaceous, in thick bods with little 
stratification and sparse jointing. The interbedded clays are sub¬ 
ordinate! reddish brown in colour mottled with grey, and are often 

o 2 
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nodular and pseudo-c-ongloincratic. The lowest beds in tlie section, 
thrust over the boulder conglomerates of the Upper Siwaliks, are 
quite different, and give rise to a striking polychrome cliff (2104) 
on the Markanda N. below Ambwala. They are briglitly coloured 
reddish brown and purplish brown calcareous clays, with yellowish 
brown bands and pale blue-grey soft, crushed sandstones. Topping 
the cliff arc seen the massive drab sandstones. A few feet above 
the thrust piano with the boulder conglomerates, which is coin¬ 
cident with the bedding dip of both formations above and below 
it, is a bed of powd(^red lignite one to four inches thick. Lignite 
was also seen by Mr. Lahiri in another section two miles to the west. 

The Kasaulis at Kasauli are also predominantly a sandstone 
formation, perhaps even more so than the Nahans, and like the 
Nahans they are micaceous, and show little bedding, but an irre¬ 
gular jointing forming sharp-edged blocks, instead of the smooth 
slabs of the Nahans; they are harder and finer in grain, and usually 
of a darker grey than the Nahans, weathering brownish. The 
shales are hard, purplish brown, grey or olive and splinter, on wea¬ 
thering, into angular chips ; at Kasauli itself they are quite subor¬ 
dinate, but are more developed lower down the sc^arp towards Kalka. 

Th(j Dagshais in the splendid sections aloiig the roads radiating 
from Dharmpur to Kalka, Kasauli, Subathu, Dagshai and Simla, 
are principally shales and are distinctly red in the aggregate as a 
scenic feature. In detail the shales are reddish brown and purplish 
brown, mottled with grey ; tliey are harder than either the Nahan 
clays or tlie Kasauli shales, and break up in situ into sharply angular 
fragments. Though the sandstones are subordinate in aggregate 
thickness to the shales, they are conspicuous because they give 
nse to rugged outcrops projecting above the shales. They are 
dark red and dark grey in colour, harder than the Kasaulis, and 
might be termed quartzites; they are irregularly jointed and show 
no stratification, but form massive bods six to twenty feet in thick¬ 
ness, shai’ply defined from the shales with which they are inter- 
bedded. 

At a first glance the disputed beds at Kalka, which are well 
seen in the Koshalia N. dowusiream from the pumping station 
which supplies Kalka with water, have a resemblance to the Dag¬ 
shais, due to their both being a predominantly argillaceous and 
reddish formation, but on a close examination it is clear that they 
resemble the lower Nahans of the Markanda N. cliff sections much 
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more closely. The true Daf^sliais are exposed as a band, over a 
mile wide, upstream from the pumi)ing station, and are seen to 
pass upwards into the Kasaulis of the type area, a few miles along 
the strike from Kasauli itself. Between the disputed beds and 
the true Dagshais arc Huhathus and Tnfra-Blainis, but the distance 
separating them is only half a mile and we should expect close 
lithological rcsoniblance if they are the same. This however is 
not the case. The reddish brown colour of the Dagshai shales 
is on the whole brighter, more definitely a red, and is more uniform 
than the varied tints of the disputed beds. The Dagshai sand¬ 
stones (or quartzites) are either dark reddish brown or dark grey, 
and do not differ much from the iuterbedded shales in colour, except 
that they are duller. 

The disputed beds ar(‘ markedly colour-biinded. The clays are 
reddish brown and purplish brovMi, bajuled with yellowish browm, 
and the soft sandstones iuterbedded with them are a clear blue- 
grey ill colour, sometimes almost white, and are often associated 
with pale laveiuhT clays. Pseiid<)*conglomerates of clay-balls, as 
in the Markanda scf'tious and line true couglomerates occur in them 
Neither Mr. Laliiri nor Dr. Heron saw any of these in the Dagshais. 
These pale crushed sandstones are abundantly intorbedded with 
the clays and assist in giving the characteristic banded effect. 
Besides them, there arc in iho> Koshalia N. section soft grey sand¬ 
stones W'oatheriug khaki, in more massive be<ls which resemble 
the upper or typical Nahans forming the jidgi* at Nalian itself. 

The most marked difference between Ihe disputed beds and the 
Dagshais in these closely adjacmit se.ctions is however in their 
degree of induration, which is in boili <^ases the same as that of 
the Nahans and Dagshais respectively in tlunr tv 7 >e areas. In the 
disputed beds the sandstones are soft, often (‘.rushed and are denuded 
equally wdth the clays, so that th(\v do not project as the hard 
quartzitic Dagshai sandstones do. forming sharp-edged ledges and 
reefs. The Dagshai shales are liard and splintery, whereas the 
argillaceous beds of th('* others aro merely clays. The scarps of the 
disputed series are scored and fluted by rain-w^xsh, giving earth- 
pillars, after the manner of the incoherent Siwaliks and unlike 
the more resistant Kasaulis and Dagshais. 

In the Nalagarh area, Dr. Pilgrim shows on his map a band 
of Dagshais running oast of Nalagarh, with Nahans or Kasaulis 
(the same colour being used for both) on both sides of itv 
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A curving fault passing through Nalagarh is shown as separat¬ 
ing his ‘ Dagshai ’ bolt from the lower Nahans or Easaulis to the 
west of the belt, while a normal passage takes place from the ‘ Dag- 
shais ’ to the lower Nahans or Kasaulis to the east of the belt. 
Neither Mr. I^ahiri nor J)r. Heron could see any difEerence between 
the rocks on each side of the fault and both are identical with the 
disputed beds near Kalka and the colour-banded clays of the Mar- 
kanda N. sections below Nahan, 

In the Chikni N., two miles north of Nalagarh, excellent sections 
are seen of the characteristic reddish, purplish and yellowish brown 
banded clays and binc-grey crushed sandstones. 

In desc.ribing the lower KoshaUa N. section, mention was made 
of massive soft grey, khaki-weathering sandstones strongly re¬ 
sembling the Nahans which form the ridge at Nalian. In the 
Chikni N. section these have become more important and there 
are three groups of them near the top of the colour-banded clays, 
each group consisting of several thick beds and forming a minor 
ridge, uniting to form that above Nalagarh. They contain 
coaly vegetable remains and pseudo-conglomerates as below Nahan. 
These pass upwards conformably into reddish brown mottled nodular 
clays, not colour-banded, having in them soft purplish and grey 
khaki-weathering sandstones. Both clays and sandstones are typ¬ 
ical Nahans of the Nahan ridge and are much softer than the 
Xasaulis, with which Dr. Pilgrim correlated them in his summaries 
of field-notes on the ground that they contained fossil wood, but 
the clays seem to be in a liigher proportion with regard to the sand¬ 
stones than in the sections below Nahan \ this may however be 
due to the higher dips in the Nahan sections tending to obscure 
the clays. In these, Mr. Lahiri found unidentifiable vertebrate 
remains near Bairian, two miles cast of Nalagarh. They pass 
upwards into massive typical Nahan sandstones forming the ridge 
A 3029 near Pamiar Moti, miles east of Nalagarh. 

In the previous field season, Mr. Lahiri drew Dr. Heron’s atten¬ 
tion to, and he examined, reddish and purplish brown clays with 
yellowish brown bands underlying typical ridge-forming Nahan sand¬ 
stones (majiped by Dr. Pilgrim as Nahan) in the Sola Singhi ridge, 
A ^12, over fifty miles to the north-west of Nalagarh. There 
is litfJe doubt that here also we have ridgo-foinning Nahan sand¬ 
stones underlain by the colour-banded lower Nahan clays. 
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PALAEONTOLOGY. 

32. Mr. D. N. Wadia acted as Palaeontologist till the 6th March, 
1936, when he went on leave. Mr. E. R. Gee held charge from 
the 7th March to the 20th May. Dr. M. R. Sahni continued as 
Palaeontologist from the 2l8t May till the end of the year. Mr. 
A. B. Dutt, Field Collector and Babu D. Gupta, Museum Assistant, 
assisted the Palaeontologist with routine work during the year. 

33. During 1935, the following memoir was published in the 
PalcBontohgia Indica :— 

(1) L. R. Cox: ‘ The Triassic, Jurassic and Cretaceous Gas¬ 
tropoda and Lamellibranchia of the Attock Distih'.t,’ 
Memoir No. 5, Vol. XX of the New Series. 

The following papers of palaeontological intcuest have appeared 
in the Records :— 

(1) L. F. Spath : ‘ On a Turonian Ammonite {Mammites dciviesi) 

from Ramri Island, Burma (Vol. LXVIII, Pt. 4). 

(2) M. R. Sahni: ' On the probable Underground Occurrcnco 

of Tertiary Rocks near Puri (Vol. LXVIII, Pt. d). 

(3) D. N. Wadia: * On the Creiiicoous and Eocene fossils in 

the volcanic rocks of the Great Himalaya range, Burzil, 
North Kashmir (Vol. LXVIII, Pt. 4). 

(4) Frederick Chapman: ‘ Primitive Fossils, possibly Atrema- 

tous and Neotreniatoiis Brachiopoda, from the Vindhyuus 
of India’, (Vol. LXIX, Pt. 1). 

(5) H. Crookshank : ‘ Note on some Jabalpur Plants from the 

Satpura Gondwana Basin (Vol. LXIX, Pt. 2). 

(6) H. S. Rao: ‘ Rhizoinopsis, Gothau and Sze, and IHviyo- 

pteridiumy Feistmantel (Vol, LXIX, Pt. 2). 

(7) H. S. Rao : ‘ On a Sphaerosiderite, containijig a now^ iLpeeies 

of Dadoxylon, {D. parbeliense) from the Lower Gondwana 
Coal Measures of India (Vol. LXIX, Pt. 2). 

34. The following papers of palseontologicul interest are in the 
Press and are expected to bo published in 1936:— 


Palceontologia Indwa. 

(1) F. R. Cowper Reed: ‘ The Lower Palaeozoic Fauna from 
the Southern Shan States Memoir No. 3, Vol. XXI of 
the New Series. 
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(2) L. Rama Rao and Jdius Pia: ‘ Fossil Algae from the Up¬ 

permost Cretaceous beds (Niniyur group) of the Trichi- 
nopoly District, Madras \ Memoir No. 4, Vol, XXI of 
the New Series. 

(3) L. R. Cox: ‘ Fossil Mollusca from Southern Persia (Iran) 

and Bahrein Island Memoir No. 2, Vol. XXII of the 
New Series. 

(4) L. F. Spath : ‘ On Bajocian Ammonites and Belemnites 

from Eastern Persia (Iran) Memoir No. 3, Vol. XXII 
of the New Series. 

(5) J. A. Douglas : ' A Permo-(^arboniferous Fauna from South 

West Persia (Iran) Memoir No. G, Vol. XXll of the 
New Series. 

(G) F. E. Cowpor Eeed: ‘ Some Fossils from the Eurydesmi 
and Conularia Beds (Punjabian) of the Salt Range 
Memoir No. 1, Vol. XXIII of the New Scries. 

Records. 

(1) M. R. Salmi: ‘ Fermoria minima : A revised classification 
of the organic remains from the Vindhyans of India 
(Vol. LXIX, Pt. 4), 

35. Casts of some primate teeth, as also the cast of a stegodon 
molar tooth, were supplied to Mons. P. Rovilliod of the Museum 

Vertebrates ^ Histoire Naturelle, Geneva. A similar re¬ 

quest from tlie Director, Colombo Museum, for 
the cast of the palate of Palwopithecus sivahnsis Lyd. was also 
complied with. 

At the request of Mr. Beni Chandra Mahendra of St. John’s 
College, Agra, a detailed exiimination of the vertebrae of the fossil 
snake and lizard speoimcjis included in our collection was undertaken 
by the Palaeontologist. 

Mr. N. K. N. Aiyengar made a fine collection of Triassic repti¬ 
lian fossils from Maleri in the Pranhita-Godavery valley, Hyderabad 
State and from Tiki in south Rewa. At the suggestion of Dr. 
C. A. Matley, these fossil bones have been sent to Prof, Von Heuno 
for examination. 

On a request from Dr. G. E. Pilgrim, a further collection con¬ 
sisting of bovine skulls and a broken sacral vertobra of probably 
the ox, presented to this Department by Dr. B. ftashad, Director 
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of the Zoological Survey of India, has been sent to him 
for investigation. Dr. Pilgrim has undertaken the preparation of 
a memoir on tlie fossil Bovidaf' of India, which is nearing 
completion. 

Some specimens of fossil fish collected by Mr. Crookshank 
from the Intei'trappeans of Betul and Hoshangabad districts in 
the Central Provinces have been submitted to Dr. S. L. Hora, of 
the Zoological Survey of India, for examination and report. 

36. On a re(iue8t from Prof. 1^. Kutten of the University of 
Utrecht (Netherlands) a specimen of rock containing DaUieidia 
hiydeni (Type No. 12/809) described by Prof, 
nverte rates. Uouvillo^ of Paris, along with Cretaceous fossils 

from Central Tibet, wap sent to him for comparison with Torreina, 
gen. nov., described from the Upper Cretaceous of Cuba. Prof. 
Ruttcii is doubtful regarding the aflinitics of Dalheidia but ho is 
of opinion that there are real differences between Dalheidia and 
Torreina —the initial chambers being absolutely different. 

SpeciTnens of Veaericardia beaitmonii liave been presented to 
Dr. R. Rutscli, Keeper of the (Jeologicul and Palaeontological Section 
of the Mus6o dhistoiro naturolle, Basle, Switzerland. 

A collection of ammonities and bclemnittis from the probable 
uppermost Jurassic beds of the western end of tlie Salt Range and 
from the Chichali pass an<l Makerwal areas of the Trans-Indus 
range, made by Mr. E. R. Gee dming the last two field seasons in 
the Punjab, has been sent to Dr. L. F. Spatli of Hh', British Museum 
(Natural History) for examination. 

The specimen of LoeJehartia {Dictyoeoaoides) tipperi, whkdi Lt.- 
Col. L. M. Davies wished to selei.t from a slab of rock showing 
weathered-out specimens of Dictyoconoides sp. from the Kirtliars 
of Kotri in Sind, to serve as Ihe type of this species in our (collec¬ 
tion, has been received bach from him. 

The specimens of Ostrea from the Tertiary beds of Baripada, 
in Mayurbhanj State, which are being described by Mr. F. K, Eames 
of the Burmah Oil Company and wJiich were sent to him for niiikiug 
a selection for the purposes of illustration, have been received 
back. 

At the suggestion of Prof. B. Sahni, specimens of ostracods 
collected by Mr. H. Crookshank from the Intertrappeans of the 


» PaZ. Ind., N. S.. Vol. V, Mem. No. 3, p. 28, (1916). 
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Centaral Provinces have been sent to Prof. J. H. Bonnema of Gro* 
ningen, Holland, for examination and study. 

Dr. L. F. Spath has in a recent publication (‘Ammonites and 
Belemnites from Eastern Persia (Iran) Pah Ind.y N. S., Vol. XXII, 
Mem. No. 3) expressed the view that * there has been a relative 
permanence of continents and oceans and that the Mesozoic deposits in 
what Ls generally called the Mediterranean or Tethyan area were formed 
during temporary transgressions of the seas just like the sediments of 
the epicontinental areas of noithcm Eurasia or anywhere else*. A simi¬ 
lar view expressed by him in an earlier publication (‘ Jurassic and 
Cretaceous Ammonites and Belemnites from the Attock District \ 
Pah Ind,, N. S., Vol. XX, Mem. No. 4) vas editorially commented 
upon in a footnote to page 37 and it was stated that this was 
the view of Dr. Spath and was not shared by the Geological 
Survey of India. Dr. Spath’s opinions are based upon detailed 
si.ndies of isolated faunas and his studies are confined to the 
Mesozoic history only of the Tethyan region. Some of the faunas 
studied by Dr. Spath are from areas close to the shore-line of 
the Tethyan sea. The idea of a gradually sinking ocean basin 
constituting the Tethys is founded upon a detailed study of 
the geological history of the region from the (/ambrian upwards, 
and, as has already been pointed out, it is not necessary that the 
conditions for such deposition should have been bathyal through¬ 
out. Moreover, it may be noted that the idea of trangressions, 
as expressed by Dr. Spath, postulates the existence of uncon¬ 
formities, yet the Tethyan region records a continuous series of 
deposits without a break from the Permian to the Eocene. 

Dr. M. R. Sahni reports the occurrence of three important 
fossil localities in the Southern Shan States. One of these occurs 
about a mile to the east of the village named Htangtabin (not 
shown on the map) located upon the site of the now deserted 
village of Me-so (21° 44': 97° O'). The fossils occur in 
a series of well-bedded limestones, shales or highly argillaceous 
limestones and sandstones with a W.N.W. dip, passing 
beneath the younger rocks further to the west. Among the 
fossils found are species of Spirifer, Cystina, Plalyceras^ FemsleUa^ 
Chonetes, Atrypa reticularis, Leptwna rhomboidalis, besides crinoid 
and blastoid stem plates and a rhynohonellid. The species so 
far identified ocemr both in the Silurian and Devonian forma¬ 
tions. However, it was possible to separate these beds into two 
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divisions, a lower one with Atrypa reticularis and an upper division 
in which this well-known fossil is not found. 

The same fauna occurs at another locality about a mile 
and a half further to the south-east of Me-so, near Taungtok, 
and indeed fossils can be picked up at several localities along the 
scarp between Me-so and Taungtek (21° 43': 97° O') rivalling 
in the degree of perfection the specimens obtainable from the 
classical locality of Padaukpin. 

A third locality occurs in the upper division of the Plateau 
Limestone at Loi Pan (21° 44': 97° 17'), wliere a Permo- 
Carboniferous fauna in an excellent state of preservation was dis¬ 
covered. The fossil species occurring here belong to ProductuSy 
ChoneteSy OrthoceraSy Pl^urotomaria, PlatyceraSy several species of 
anthozoan corals and a goniatite. Species of Productus are parti¬ 
cularly common. 

Mr. A. M. N. Ghosh reports that the Cretaceous beds of the 
Khasi Hills in the neighbourhood of Therriaghat (25° 11': 9J° 46') 
are highly fossiliferous. At the west bank of the Bhuban nala the 
lowest portion of the Cretaceous sandstone, just above its junction 
with the Sylhet trap, yielded an unusually large species of Ino- 
ceramuSy measuring 24 inches by 10 inches, and other bivalves in¬ 
cluding Protocardium sp., two species of Terebratuldy a well-preserved 
ammonite and several gastropods. In the neighbourliood of Nongiri 
(25° 12': 91° 48'), the upper reaches of the sandstones are occu¬ 
pied by Softer beds teeming with Baculitea sp., gastropods and 
bivalves; further west the sandstones carry abundant Nautilus. 
The sandstones at Mahadek (25° 13': 91° 45') and at the Mawsmai 
Falls yielded several well-preserved specimens of Stygmaiopygus sp. 
The impure earthy limestone and shales coming at the cxtreine top 
of the Cretaceous beds in the Khasi Hills yielded from Nongiri 
and Mahadek, a large number of casts of gastropods including 
Xenophora, StrigateUa, Cinuluy and Mutex, several bivalve casts, 
a couple of well-preserved specimens of ? Pachydiscas, a giant 
Nautilus and a few badly preserved Hemiaster. 

Mr. Ghosh found that the middle Nummulitic (Sylhet) Limestone 
at Therriaghat was rich in several fortns of Alveolina and also re¬ 
cords the occurrence of a marl baud full of DLscocyclina coming 
just above the upper Nummulitic Limestone bands at Therriaghat 
and Garu (26° 11': 91° 41'). 
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37, Po series.—Tha Po aeries as a whole has generally been 
classed as Middle Carboniferous, although the late Professor Zeiller 
had suggested that the flora of the ‘ Hayden 
*^**”**’ collection’ had Lower Carboniferous (Culm) 

affinities. Prof. Gotlian of Berlin, after an examination of the speci¬ 
mens sent to him by the Director at Prof. B. Sahni’s request, has 
confirmed Zeiller’s opinion. At least the Thabo stage, in which 
most of the specimens were found, thus seems to belong to the 
Lower Carboniferous. This view has been expressed on independent 
grounds by Dr. Fox. 

Prof. B. Salmi of Lucknow University examined several collec¬ 
tions of fossil plants sent to him by this Department. 

Lower Gondwam. -In a paper on the Indian Glossopteris flora 
read before the btli International Botanical (Congress, Amsterdam, 
(September 19^^5), Prof. B. Salmi discussed, itUcr alia, the geological 
ago of the Parsora beds, and tlie relations of the Glossopteris flora 
of India with the Palaeozoic floras of Siberia (Angara series) and 
of China (Gi^antopteris flora). The association at Parsora of Dic- 
roidium {Thimfehlia) hughesi with NwggeratJiiopsis hislopi, a typi¬ 
cal member of the G1 >ss )pteris flr)ra, supports the opinion tliat 
these beds belong to the Perrno-Triassic part of the scale and may, 
as Prof. Seward suggests, be as old as tlie Upper Permian. Their 
reference by Dr. Fox (1931) to the Upper Gondwaoas (Jurassic) 
is quite inconsistent with the paheobotanical evidenetd. 

Other questions relating to tlie Indian Glossopteris flora, which 
were discussed at Amsterdam, are summarised iu a paper by Prof. 
B. Salmi published in the December 1935, number of ‘ Current Science \ 

Rajmahal series .—A report on recent additions to our knowledge 
of this classic flora, based chiefly upon petrifactions collected at 
Nipania, was presented before tlie 6th International Botanical 
Congress at Amsterdam. At the same Congress the significance 
of Homoxylon rajmahaleMse and other Homoxylew in the origin of 
angiosporms was discussed. 

Ahmednagar sandstones .—In a collection of fossil plants made 
by Dr. A. M. Heron and Mr. P. N. Mukerjoe from Himmatnagar 
(Ahmednagar) (TS*^ 2': 23° 36') in Idar State, specimens referable 
to WeichseMa reticulata and to a new species of Maionidium have 
been recognised by Prof. B, Sahni. Weichselia reticulata is a fern 
eminently characteristic of the Wealden period. It has been found 
in Europe, Northern Africa, Syria, America and the Far East. 

1 Current Science, Vol. IV, No, 6, pp. 386*7, (Doo, 1936). 
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The genus Matonidinm ranges from the Jurassic to the Cretaceous, 
most of the records being Lower Cretaceous, The fertile pinnae 
of the Indian species closely resemble those of M. gapperii, wliich is 
known from the Inferior Oolite and Wcaldeu of England and other 
parts of Europe. 

The discovery of thos{'> two ferns in India is interesting, as it 
extends the geographical range of these well characteristMl genera. 
Apart from these two forms there are fragments of othoi* fern- 
like plants not yot specifically idcjitificd. According to Prof. Sahni 
the available evidence, although not quite, conclusive, strongly sug¬ 
gests a We^ilden age for the Ahmeduagar sandstones. 

Mr. C, S. Middlerniss^ discovered dubious plant remains here. 

Deccan Intertrappcan Flora,— Thin flora is being described in 
detail in collaboration with Mr. H. S. llao. Meanwliile the idea 
that the ])(ids are of Tertiary ag(^ secuus to find su()port in some 
further paheobotaiiical evidenec (.sT(' S. R. Xarayaji Rao and K. S. 
Rao, ^Current Hci<'nec\ November p. 321), ‘ilthough we must 

await the deseriptiou of the newly discovere,d plants before this 
evidence can la* aooe])le<l. Some s))e(‘imeiis of erustactea, su])posed 
to belong to Cyprfs, liav(i been sent at Pr(»f. Sahn!^s recjuest to 
Prof. [1. Bomiema, of (Tvoningen, lor his opinion as lo their affi¬ 
nities, and are expected to throw light- oj\ the age. of the>e bods. 

At the suggestion of Prof. B. »Sahni of tlie. Lucknow University, 
the Comite Gcologique, Leningrad, was requested to send to this 
Department a representative collection of fossil plants of the Angara 
series in exchange for a similar set of Indian Coiidwana plants. 
A good collection of plant fossils has been receiv(xl from the Central 
(Geological and Prospecting Tsch(‘rnyschew Jluseum, Leningrad, and 
these have been exhibited in the Foreig^i (collection section in the 
Indian Museum. 

At the request of Mr. Patiu’sun of the Do Terra exi>edition, 
twenty-eight specimens of palaM)liths collected by Mr. 1). N. Wadia 
from the Potwar have been sent to liim on loan. 

Danati fi8 under review, pres^uita- 

tious of fossils w(we matle to the following 
institutions:— 

Geological Survey of the Dutch Kant 1 adieu, Bandoeng, Java .— 
Specimens of gastropod fossils from the Mekraii beds and 
the Pegus of Burma. (By exchange.) 

» Mem. Geol Svrr, Ittd,, XUV, Pt. 3, p. 141, (192J). 
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Prince of Wales Medical CoUege, Palm. —A collection of plant 
fossils. 

University Gollege, Rangoon. —A representative collection of in* 
vertebrate fossils from Burma, as also a specimen of Fenes- 
tella Shale, to the Department of Geography and Geology 
and a sot of plant fossils to the Biology Department. 

C. M. S. High School, Bhagal'pur. -About tliirty fossils con- 
sisting of vertebrates, invertobrates and plants for educa¬ 
tional purposes. 

Calcutta Blind School, Behala, Calcutta. —A collection of fossils 
for educational purposes. 

Stanford University, Department of Geology, California. —A collec¬ 
tion of Triassic ammonites and other specimens. (By ex¬ 
change.) 

Slate Microscopical Society of Illinois, OAicrf/yo.--Specimens of 
foraminifera and a few specimens of fossiliferous lime¬ 
stones. 

All India Institute of Hygiem and Public Health, Calcutta.- - 
A few coral specumens for the museum. 

39. In addition to those previously mentioned, donations of 
fossils or casts of fossils were received cither by presentation or 
by exchange from the following persons or institutions:— 

Geological Survey of the Dutch East Indies, Bandoeng, Java .— 
Skull of Homo [Javanthropus) solccnsis (east) and some other 
fossil bones. (By exchange.) 

Prof. Gayle Scott.--Dmic,n fossils from Midway, Texas. (By 
exchange.) 

Mr. Ing. Hugo Smela, 31, Stefanikora, Prague XVI, Czecho- 
Slovakia.—Some well-preserved specimens of trilobites, e.g.^ 
Ellipsocephalus sp., from the Middle Cambrian beds of 
Jince, Central Bohemia, Czechoslovakia. (By presentation.) 

Dr. C. A, Motley. —A collection of specimens of Estheria mang^ 
liensis and of Unio, Physa, etc., made by liim in 1932-33 
in the Central Provinces. (By presentation.) 

Dr. B. Prashad, Director, Zoological Survey of India, Calcutta.— 
A fragmentary bone, part of a scaral vertebra probably 
of the ox, from Sitamarhi. (By presentation.) 

Mr, C. Stabler, Assistant Engineer, Bengal Nagpur Railway, Umafia. 

Fossil specimens of Paludvna and Butlinus prinsepii in 
boulders from Umaria. (By presentation.) 
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Stanford University, Department of Geology, California —A set 
of Triassic ammonites and other specimens from Idaho, 
Nevada and California. (By exchange.) 

Jardin Zoologique do Sfax {Tunisie).— A set of Quaternary 
shells from Tunis in exchange for some ctipiiss of Palwon- 
tologia Indica. 


EARTHQUAKES. 

40. After a lapse of only sixteen and a half niont/is, India has 
again been visited by a disastrous earthquake, this time in the 
vicinity of Quetta in Baluchistan. Though it 
quISof?"8fMay,T9S’ possible to estimate the number of 

lives lost, it is likely to have been not loss 
than 25,000, thus rendering this eartliquake th(^ most disastrous 
that has visited India within historic times. In addition to the 
lives lost, very groat inatorial daniago was sustained at Quetta, 
Mastung, and a large number of villages. At Quetta the city was 
almost completely demolished, wliile the railwaj- area and the 
R. A. F. lines were very badly damaged. 

Upon receipt of the news of the disaster, Mr. W. D. West, who 
had investigated the Baluchistan earthquakes of 1931, was deputt^d 
to examiue the devastated area, and ho arrived at Quetta on June 
10th. A preliminary geological report was written by Mr. W^ist 
for tho use of the Army Department of tlic Government, of India 
and for tho Baluchistan Government, whicli has been publisJicd 
in Part 2 of Volume LXIX of these Records, 

The earthquake occurred at approximately 3*03 hours (Indian 
Standard Time) on May 31st, 1935. It seems to have lasted about 
half a minute, and was not preceded by any noticeable foreshocks 
within the epicentral tr&ct. The latter was an area about 68 miles 
long and 16 miles wide, extending from the north-west side of 
Quetta, through Mastung, to halfway between Mastung and Kalat. 
Within this area, a shock of intensity 9 to 10 on the Rossi Ford 
scale was experienced, and a large proportion of the buildings 
were laid in ruins. Although the shock was of considerable in¬ 
tensity at the epicentre, the total area over whioli it was felt was 
little more than 100,000 square miles. The high mortality was 
largely due to the poor manner in which buildings in Baluciiistaii 
ajre oonstructedy to the narrowness of the streets in Quetta city 
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and in most of the villages, and to the fact that the earthquake 
occurred during the night. 

An interesting feature of the earthquake was the manner in 
which certain buildings, recently constructed on earthquake-proof 
lines by the North Western Tlailwiiy, withstood the shock admir- 
ably. 

Natural phenomena associated with the earthquake included 
heavy falls of rock on the more precipitous limestone mountains, 
notably on Chiltan, a line of Assuring in the alluvium extending 
on and off for about 65 miles along the centre of tlie cpicentral 
tract and the eruption of a small mud volc^ano some 12 miles 
south of Kalat. 

As regards tlie cause of the (‘arthqiuike, although the epicentre 
was aligned parallel to the strike of the area, then*, appeared to 
have been no movement along any visibles fault, and the exact 
origin of the earthquake must remain in doii1)t. 

41. From north-eastern India, a number of minor earthquake 
shocks were recorded during the year. These included a fairly 
sharp quake that oeemrn'd at about 5*30 a,m. 

enga an ssam. morning of 21st March, and another 

at about 10-45 p.m. on 23rd April. Both were felt over a large 
portion of Assam and Bengal, the former sliock being experienced 
in Calcutta. No damage to buildings was reported. 


ECONOMIC ENOCIRIES. 


Bauxile. 

42. High level laterite caps the Bailadila ridge. Although Mr. 

Crookshank saw no undoubted bauxite he 
Central pisolitic laterite and Hthomarge similar 

to that which is usually associated with baux¬ 
ite, and lie thinks that bauxite very probably also occurs. 

43. Mr, P. N. Miikerjee reports the occurrence of a rich deposit 
of bauxite near Taibpur village (73® 5': 23® 3') 
in the Kapadvanj taluha of the Kaira district, 

Bombay. The deposit was formerly worked by Messrs. Killick, 
Nixon k Co. of Bombay, who have now ceased work. 


Kaira district, Bombay. 
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Bismuth. 

44. An occurrence of metallic bismuth as a rounded pebble from 

the washings of the Kyaukpyathat mines in the Mogok area was 

„ noted by Dr. Iyer. The mineral on examina- 
Mogok area, Burma. i i i. i 

tion in the laboratory proved to have a 

specific gravity of 9*8. 


building Materials. 


45. Dr. A. K. Dcy report/S the occurrence of small veins of crys¬ 
talline limestone at Kultanr (22° 59': 80° 34'), Taraakhun (22° 59': 

86° 36'), on the hill north-west of Kumari 
(2'-^° 58' = 86° 38'), at Gobindpur (22° 58': 
86° 39'), near Mirgichanda (22° 58': 86° 41'), 
and on the bank of the Kumari nadi south-east of Kantagora (22° 
68': 86° 42'). All the veins occur close to a great fault. The 
crystalline limestone at Tamakhun has already been recorded by 
Ball.i 

46. At the request of the Government of Bcmbay, Dr. P. K. 
Ghosh examined the Eocene limestone deposit at Tarkeehwar (21° 

22': 73° 6'), Mandvi tahiJc, Surat district, 
district, Bom- Bombay, 45 miles from Surat. The limestone 
is yellow or brown in colour, and varies in tex¬ 
ture from slightly cavernous and earthy to dense and compact, with 
abundant nummulites. An analysis made in the Geological Survey 
of India laboratory by Mr. P. C. Roy gave 


SiO,. 

AljOj • • . • • 

. . . » . 

CaO. 

MgO. 

Loss on ignition (CO,, H,0, eic.) 



Tor cent. 

• • 


aoo 

• • 

• 

4-72 


49-23 

» c 

• 

9*43 

• 

« 

40-25 

Total 

1^ 

97-63 


This shows that the percentages of silica and magnesia are less than 
10 and 4 respectively, the maxima allowable in the manufacture of 
Portland cement. 


^ (?eo/* Surv. Jnd., XVIII, pjp. 17, 49, (1881), 
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47. Mr. P. N. Mukerjee reports the occurrence of Lameta lime- 
etones south of Gabat village (73° 23': 23° 16' 30") in the Idar 

MshJKantta Agency, State. The rock is locally used as a building 
Bombay Presidency. stone and is also burnt as a source of lime. 

48. Mr. P. N. Mukerjee also reports the occurrence of gritty 
sandstones (Ahmednagar sandstones) near Hinuuatnagar (73° 2': 

23° 36') in the Idar State, and Ilol (72° 66': 

MrtIKantlia Agency, 33 ° 39') in the Ilol State in the Mahi Kantha 
Agency of Bombay. The rock is extensively 
quarried in both places and used as building material. 


Clays. 

49 . In previous surveys and again during 1934-35, Dr. C. S. 
Fox has met with beds of kaolin or an underlying kaolinised gneiss 
below the coal-bearing sandstones at the base 
arc , Mam. Eocene in the Garo Hills. The occur¬ 

rence is so general that Dr. Fox had already been forced to the con¬ 
clusion two years ago that this horizon of kaolinised gneiss corre¬ 
sponds with the main laterite-forming period of the Indian peninsula 
in early Eocene times. This means that the Assam plateau must 
have been largely a land area at the close of the Mesozoic, and it also 
means that potential reserves of kaolin are widespread in the 
southern parts of Assam. Dr. Fox has foimd kaolin in numerous 
places in the Garo Hills, from the valleys of the Kalu up to Tura 
and again in the Simsang about Siju. During the past season he 
noted occurrences near Dobu (25° 33': 90° 43'), below the coal 
measures of the Darang field near Boldakgithim (26° 27': 90° 40') 
and around the inspection bungalow of Bongrenggiri (26° 33': 
90° 34'). These are, of course, all very inaccessible at present 
pp. 82-84. 

60. Dr. A. K. Dey reports the occurrence of white clay near 
Dandudih (22° 69': 86° 33'), Tamakhun (22° B9':86° 36'), and 
south of Balrampur (22° 69': 86° 38'), dose 
BlSrand ^ of south Manbhum. The 

material is not fine and it would have to be 
washed and concentrated before being placed on the market. The 
deposits near Balrampur are now worked by the Manbhuiq 
Mwes C3o, 
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61. During the season 1934-35, Dr. C, S. Fox was able to visit 
the so-called Daranggiri and Eongrenggiri coalfields in the XTpper 
Sunsang valley in the Garo Hills. Both these 
^®®***®*‘**» areas of Lower Eocene strata occur within 
the gneissic rocks north of the Tura range and 
were evidently brought into this position by block faulting of late 
Miocene or later age. Both fields were formerly regarded as Creta¬ 
ceous, but Dr. Fox and Mr. A. M. N. Ghosh have given reasons for 
believing that the Cherra sandstones are of Lower Eocene age, and 
consequently the age of all those beds which were correlated with 
the Cherra sandstones is now changed to suit. Dr. Fox was 
impressed by the coal seen in the Rongmuthupathal section (25° 27': 90° 
42'), where in the stream cliff, just above the village, a six-foot 
seam of excellent quality coal is exposed. This outcrop has been 
known for over 70 years, but owing to the inaccessibility of the place, 
there has been no production. Dr. Fox agrees with the opinion 
expressed many years ago by La Touche that a large supply of coal 
is available in this Darang coalfield (there is no village c." the name 
of Daranggiri and no such name occurs on the old maps). The dips 
are gently to the east and the measures have been denuded to the 
west where the gneisses appear from below these coal-bearing Eocene 
sandstones. 

Further to the west, a great north-south fault drops in the Eocene 
strata to the west, but those beds are somewhat younger, with 
Eocene marine fossils. The coal measures outcrop higher up the 
Simsang, but the coal seams so far examined are too thin for serious 
consideration. The western part is known as the Eongrenggiri 
coalfield, but the strata extend from the above-mentioned fault, near 
Eongbinggiri (26° 29'; 90° 37'), to beyond Dolwarigiri. The beds 
are gently inclined eastward but the coal horizon is not seen east of 
Eongrenggiri, until lifted by the Eongbinggiri fault to continue as 
the Darang coalfield further east. It is probable that the coal is of 
workable thickness towards the eastern part of the Eongrenggiii 
field, but it will be 300 to 400 feet at least beneath the younger 
marine strata. It is also certain that the Darang area would in any 
case be the more attractive from the better seam actually exposed 
find the ppire convenient location of the area. 

i> % 
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52. At the end of December 1935, Dr. C. S. Fox, at the request 
of the Chief Inspector of Mines, examined the conditions which had 
arisen owing to underground fires in seams 
Jharla XII to the west of the Kari Jor, a 

stream which flows through the Jharia coal¬ 
field. 

These seams h«ve been extensively worked on both sides of the 
Kari Jor and in consequence considerable subsidence has taken 
place, though so far not in the bed of the stream itself. 

It is, however, feared that subsidence may result, due to fire in 
these seams on the western side having travelled eastwards and 
spread to below the Kari Jor. Collapse of the stream bed would 
entail the grave danger of flood-water from the stream entering the 
workings and flooding collieries to the dip. 

The coal was first sot alight in old coal quarries to the west, 
where these seams were opened up. These quarries formed a con¬ 
venient dump for soft coke rubbish, and some of this, being still hot 
when tipped in, set fire to the coal in the quarry, and so spread dowm 
the seam along galleries wliich Imd been driven from the quarries. 

Efforts are now being made to damp out the fires and pack the 
workings by sluicing sandy clay and water down bore-holes into the 
burning seams on the west- side, and if these are successful, subsidence 
of the stream b(‘d find consequent flooding will be averted. 

In the event of th<‘ir non-success, three schemies had been sug¬ 
gested for dealing with tlie flood-water of the Kari Jor, (i) to take 
the river discharge over the section of the IxhI where subsidence 
was to be expected, by a suspension bridge carrying pipes of large 
diameter, or a suspcmdi'd concrete aqueduct; (ii) to pass the flood- 
water below the threatened workings in an inverted siphon ; (iii) by 
making a diversion of tlie Kari Jor on the eastern bank. 

Dr. Fox’s objection to the first scheme is that the foundations 

of at least one of the piers of the suspension bridge would be in 
jeopardy from the subsidence, and to the second scheme that the 
siphon would immediately silt up in a flood, as the water in it would 
become dead , and the water coming down the stre^im could 
hardly set it in motion. The third scheme he considered the most 

promising, but the diversion itself would be subject to the same 

risk of subsidence as the main bed. 

The Kari Jor, though almost dry in the dry season, is supposed 
to carry a flood discharge computed at five million gallons per 
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minute, with a depth of 7 feet across the bed, which is nearly 160 
feet wide in places. The river has a straight course over a relatively 
smooth rocky bod over the danger belt and for some distance above 
and below it. 

Dr. Fox recommends that active flushing in of sand and water 
should be energetically pursued to c-heck the fire, and that the 
existing levee on the west side be increased in heiglit and width by 
accumulating a large amount of sand and debris on it, to maintain 
it if collapse begins. Should subsidence begin in the rocky bed of 
the river, he believes that it will be effectively countered by choking 
the subsided portion with rock, stones and mud, with the object of 
keeping the channel of the Kari Jor as straight and smooth as pos 
sible, to avoid any che(;king of the current. If this is maintained 
when the floods come down, Dr. Fox thinks that even during spates 
any laige hol<‘s can be choked by debris fed in from upstream by a 
gantry turned to overhang the stream just above the dang(T zone, 
but a large amount of material should be accumulated in readiness. 


Copper»ore. 

53. Near th<i 5th milestone on the Thabeitkyin-Mogok road, a 
vein of copper-ore rcjKUted to contain gold occurs in the limestone. 

„ , „ Some years ago a pit was sunk and siimi)les 

ogo area, urma, Ruby Mines Company, Ltd. The 

venture was not, however, proceeded wdtli. 

54. In the course of his work in the Bankura and Maiibhum dis¬ 
tricts, Dr. A, K. Dey found traces of copper-ore in the form ol 

ciialcopyrite and malachite in the pliyllite in 
Bengal,“and Manbhum the stream bed south of Sarengarh (22'" 67': 
district, Bibar and 86'' 44') in Bankura, south-west of Kaiitagora 

(22° 58':86'^ 42') in Manbhum, near Nilgiri 
(22° 57': 86"* 43') and in the dumps from a prospecting trench along 
a fault-rock north of Narainpur (22" 58': 86" 44') in the Bankura 
district. 


Corundum. 

66. Dr. P. K. Ghosh was deputed to report on the corundum 
deposits at Uppinangadi (12" 50': 76" 16') and the neighbouiing 
villages of Hirobaiidadi and Bajathur in the 
Mangalore district, Madras Pre¬ 
sidency. The corundum occurs as a detrital 
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deposit in the alluvium in the valleys and beds of the tributaries of 
the Netravati river. The amount obtained by panning, however, 
is scanty and the prospects of obtaining commercial quantities of 
corundum are poor. 


Engineering and Allied Questions. 

56. Following a request by the authorities of the Bengal-Nagpur 
Railway, Dr. C. S. Fox, in July 1935, reported on the advisability of 
lining the lower, more recently constructed 

BeS"NigpurRi"S’ ‘ Saranda ’ tunnels) situa^ 

between miles 218 and 219 on the Main Line 
of the Bengal-Nagpur Railway, that is, about 26 miles along the 
line south-west from Chakradharpur (22° 41': 85° 38'). The tunnel 
in question is about 3,1)00 feet long and is aligned somewhat to the 
west of, and about 25 feet lower than an older tunnel on the Up line 
for Nagpui*. It was opened about six years ago. During the past 
five years, trouble has been experienced at intervals owing to rela¬ 
tively minor rock-falls from the roof and sides of the tunnel. As a 
result, several sections of the tunnel have been lined with brickwork. 
The work of lining the whole length of the tunnel was contemplated 
at the time of Dr. Fox’s visit. 


He observes that the rocks encountered in the tunnels consist 
mainly of phyllitcs of the Iron-ore series,^ some being carbonaceous, 
others calcareous, whilst pyrite was commonly included. The rocks 
have a pronounced slaty cleavage running mainly between W.N.W. 
and AV.S.W. to E.N.E. and E.S.E., whilst other joint planes also 
occur, so that in places the rock is badly shattered. 

Dr. Fox considered, however, that in general the rock appeared 
to be relatively sound and that serious falls are unlikely provided 
the tunnel lining is completed as at present sanctioned, though in 
certain portions where the rock is decomposed, a stronger lining may 
be necessary. 

In addition. Dr. Fox noted the possible corroding effect of acid 
solutions resulting from the oxidation of the iron pyrites that is 
included in the phylUtes. He suggested that this factor might be 
largely eliminated by taking steps to minimise percolation into the 
tunnel. With this object in view, he suggested (a) that any water 
entering the old (higher) tunnel be drained out of that tunnel and 


^ H. 0. Jonos, Mem, Oeol, 8urv, Ind,, LXill, Pt. 2, p. 193, (1934). 
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thus be prevented from percolating down through the strata towards 
the new tunnel, and (6) that the surface above the tunnel and in its 
Wcinity be efiEiciently drained by artificial channels. 

57. At the request of the Chief Commissioner of Railways, Mr. 
W. D. West included in his preliminary report on the Quetta earth¬ 
quake a section discussing the safety of the 
tunnel, Balu- timnel, near Chaman, in the event of 

an earthquake in that region. The Khojak 
tunnel is nearly two and a half miles long, and its western end is 
less than a mile and a half from a fault which has been the focus of 
several severe earthquakes in the past, notably the Chaman earth¬ 
quake of 1892. 

It has long been thought that the intensity of the long waves 
diminishes in depth, but until recently little accurate research has 
been carried out in the matter. Recent investigations in Japan, 
however, have shown conclusively that the amplitude of the wave 
motion decreases "vith depth, being shown in one experiment to 
decrease at a depth of 500 feet to about *37 of what it was at the sur¬ 
face. This fact probably accounts for the maiuier in which deep 
timnels so frequently escape severe damage during an earthquake. 
In the Quetta earthquake, the Nishpur tunnel, situated within the 
tract of country most severely disturbed, remained undan aged. 

As regards the Khojak tunnel, Mr. West is of opinion that, as it is 
lined throughout with brick or stone masonry set in a cement 
mortar, and that as it is more than 200 feet below the surface of 
the ground for over 9,600 feet of its total length of 14,000 feet, further 
reinforcement does not seem to be necessary. He recommends, 
however, that the engineers of the North-Western Railway should 
examine the first 1,000 feet of the tunnel at each end to ascertain 
its condition, and to strengthen it if they think it necessary. 

Qem-stoaes. 

Diamond. 

68. About the beginning of August 1935, a diamond said to be 
an inch long, half an inch wide and a quarter of an inch thick, of a 
pink colour tinged with blue, is reported to 
4Utrict, picked up by a cultivator of Kon- 

ganapalli village (15° 11': 77° 33'), Anantapur 
district, while ploughhig, and was sold in Bombay for Rs, 6,600. 
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Koiiganapalli is iiortli-east of and close to Patakottacheru Rail¬ 
way Station near Gooty. It lies 16 miles north-east of Wajra 
Karur, a well-known diamond locality, 

Rvby and Sapphire. 

59. Dr. Iyer reports that in the area west of the Kin Channg, 
although crystalline limestone and granite contacts occur, precjious 
stones arc only occasionally found. A good 

NySSntCBurma?'’ ^uby is reported to have been found near 
Kyetsaungtaung (22° 50': 96° 2'), south-west 
of Wabyudauiig, whilst illicit mining is said to yield an occasional 
stone near Kyaukkjd (22° 59': 96° 9'). Recently in the stream 
north of Nyaungbintha (22° 53': 96° 10') gem mining was prevalent, 
and a few good stones are reported to have been obtained. 

Gold. 

CO. Gold has been known by the local inhabitants to occur in 
the Paunglaung valley from historical times and just before the 
annexation of Upper Burma it was fairly ext(‘n- 
Upper*Buriiiif. '^**^*^* sively worked by Chinese, probably contem¬ 
poraneously with Chinese lead-silver activities at 
Bawdwin in the Northern Shan States and at Mawson in the Southern 
Shan States. The method employed for the extraction of gold was 
to a large degree similar to that used for the winning of lead-silver 
ores in other places. It consisted of sinking a large number of 
closely spaced pits in selected areas. The floor of the valley in 
sheets 93D/11-15 and D/12-16, roughly from latitude 20° 16' south¬ 
wards, is, according to Mr, Sondhi, covered by a thick series of 
coarse pebble and silt beds deposited by the Paunglaung stream, 
probably in Pleistocene times when it was much larger than at 
present. The coarser nature of the more basal of these deposits 
points to the torrential nature of the river’s early days. After 
reaching its base level of erosion it must, in sub-Recent to Recent 
times, have been rejuvenated, as it has cut through these deposits 
and begun to erode the solid rocky formations below and only the 
remains of the former more extensive pebble and silt beds now 
persist. These occur in stretches on the concave sides of the larger 
bends of the stream. As the valley of the Paunglaung ohawng is 
comparatively narrow the width of these raised gravel deposits is 
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restricted and although the highest levels reached by them may 
vary from 30 to 50 feet, the more general level is from 15 ta 20 feet 
above the present level of the stream. At the base of these deposits, 
immediately overlying the upturned edges of the vsedimentary series 
of doubtful age, there is a fairly constant pebble bed of about three 
feet in thickness, which appears to carry the main values, although 
the higher beds of this deposit are auriferous to some extent. The 
(Jhiuese, in sinking shafts, thousands of which exist in the Pauuig- 
laung valley, seem always to have had this basal bed as their 
objective. 

Besides in this pebble l)ed, gold is present in small quantities in 
the bed nf the stream itself and also in the beds of many of the 
smaller tributary streams. For the most part it o(*curs as fine dust 
or flakes, but nuggets larger than a pin-head ar(‘, rarely, found. 
There are a few small villages in the valley and some of the inhabi¬ 
tants practise gold-washing during certain months of the year. It 
does not, however, bring them such an attractive return as to induce 
them to make it a whole-time occupation. 

All the localities visited by Mr. 8ondhi lie either in the above- 
mentioned gravel or in the stream beds, over a wide area and under 
so diverse conditions that it is ditficult to come to a definite con¬ 
clusion as to the origin of the gold. In the Paunglaung vall(‘y small 
exposures of diorite were met in two places, one near the northern 
end of sheet 93D/12-16 and the other near Naiipa in the south-west 
corner of sheet 93D/11-15, and th(‘ir (ixisteuce at one or two places 
near Taloktwdn is suspected. If the origin of the gold is associated with 
these intrusions, as happens in the case of similar rocks at Mwe-daw 
to the north in sheet 93 D/10-14, the existence of the metal in the 
tributary streams away from the main valley is difiicult to explain, 
unless a widespread network of intrusions, of which there is no 
visible sign, is presumed. The igneous belt on the west of the sedi- 
mentaries, represented by granite and porphyry, cannot be the 
source of the gold, as the known localities become less and less in 
that direction and practically end before the granite outcrops are 
reached. It is Mr. Sondhi s opinion therefore that the principal 
source of gold in the Paunglaimg valley is to be sought in the sedi¬ 
mentary rook formation to which the drainage of the strt*am is 
mainly confined in this area. It must be noted however tliat tliis 
opinion is based on rapid traverses mostly along the strike of 
the rooks, and may have to be modified when a larger area is 
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systematically mapped and when geological conditions are better 
known than at present. The fact remains that the main gold values 
lie in the basal pebble bed of the raised river deposits that cover 
the floor of the Paunglaung valley. 

61. Gold is said to occur south of the 8th milestone on the Tha- 
beitkyin-Mogok road, where the debris of a broken quartz reef was 

noted by Dr. Iyer. The soil of the vicinity 
Mogok is generaUy coUected by the villagers after the 

rains and small quantities of gold are obtained 

by washing. 

62. Gold occurs in river gravels along all the streams south of 
Malkanagiri, in the Malengar river, and in the tributary of the 

Sankani running south-east from neat Masenar. 
ProvhicM.*****’ ^*"*'^*' The source of the gold is uncertain. It can be 
recovered economically only by the local gold 

washers. 


Graphite. 

63. Graphite occurs distributed throughout the Mogok area in 
the crystalline limestones, calciphyres, garnet-gneisses and khonda- 

„ , „ lites. South-west of Wabyudaung (22° 62' ; 

96 9), large pockets of graphite have been 

found in the gneiss and pegmatite. Attempts were made to work 

these deposits some years ago, but were soon abandoned. Rnmll 
pebbles of graphite debris occur on the surface of the ground and 
in the streams in the vicinity of the occurrence. 

64. Dr. P. K. Ghosh was deputed to visit the old graphite mines 
Bait Qodaveiy diitrict bi Kekapalli firka, Bhadrachalam taluk. East 

Godavery district, Madras Presidency. 

He reports that there are two extinct graphite m ines at the 
south-east flank of Puli Konda (17° 33' : 81° 26') and the northern 
flank of Racha Konda (17° 32' ; 81° 26') respectively, and also 
several shallow pits. The graphite has also been found as a detrital 
deposit in a pocket 3 feet by 9 inches by IJ inches in the 
alluvium in the southern flank of Sutru Konda, IJ miVw to the 
west of Puli Konda. The mines were operated by Messrs. Biiuiy 
and Co., Madras, through their agents the Godavery Coal Co., Ltd. 
Cocanada, but no details of the volume of the business are avail¬ 
able. 
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The country-rock is formed of the khondalite series, tilted 
vertically and striking N.N.E.-S.S.W. and injected by granite 
and pegmatite veins. From his examination of the old mines, 
Dr Ghosh concluded that the workable graphite deposit occurred 
as definite N.N.E.-S.S.W. bands, one to two feet in width and 
40-50 feet in length, in the khondalite series. He believes that these 
bands represent original intercalates of carbonaceous impurities since 
altered by metamorphism into graphite. 

The old mines are practically exhausted but there is a likelihood 
of workable amounts of graphite being present in Sutru Konda 
and its neighbourhood, since large bladed graphite crystals have 
been found as a detrital product in a pocket in the alluvium in this 
locality. 


Gypsum. 

65. Occurrences of gypsum in the neighbourhood of Eajpur and 
Jharipani, between Mussoorie and Dehra Dun, have been known 

Delin Dun dtotrict, centuryh Mr. J. B. Auden states 

Tchrl Oarhwal State, that the gypsum is located in the Lower and 
United Province*. Upper Krol limestone. He has found another 

occurrence of gypsum on the north bank of the Song river, 600 
yards W. N. of Sera (sheet 63 J/3: 30^^ 18' : 78° 14') which 
is just within Tehri Garhwal State. The gypsum occurs there as 
lenticles replacing the dark magnesian limestones of the Krol D 
stiige. The lenticles arc arranged parallel to the bedding and 
average about one foot in thickness and three feet in length. The 
gypsum is fairly pure, though it contains occasional nodules of 
unxeplaced limestone. The associated Krol shales are covered with 
an efflorescence of magnesium sulphate. On the souoh bank of 
the river, opposite Sera village, is found a sulphur spring which 
doubtless has some genetic comiection with the gypsum on the 
north bank. 

Iron-ore, 

66. Deposits of iron-ore were noted by Mr. Crookshank both 
on the east and the w^est side of the Bailadila ridge. Average 
specimens taken from these contained 68*79 per cent, of iron. 

BiWiog. Ind. Geol. and PJbys. Goog., Aniiotatod Index of Minerals of Eooaoniic 

Valiis* pp. m 231, (1918). 
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No estimate of the quantity of ore present is available as the 
mapping of the area is not yet complete, but it can be said with 
certainty that the deposits are both rich enough 
ProvSnces.*****’ *^"*'^** and large enough for exploitation. Isolation 
alone prevents their utilisation. 

Deposits of vanadium-bearing titaniferous iron-ores from 
southern Dlialbhum and northern Mayurbhanj have recently been 
MayurbhanJ State investigated. The VgOg content of there 

and Dhalbhum, Bihar ores, varying from 0*C to 6'0 per cent., is 
and Orissa. capriciously distributed, and depends 

mainly on the presence of a new mineral variety, vanado-magnetite, 
which occurs in them. The largest deposit is near Kumharoubi 
(22° 18': 86° 19'), in Mayurbhanj State, where there is at least 
one million tons of debris scattered over the surface of the hill 
slopes. Until very careful close sampling is done, it is not possible 
to say what grade of VjOj could be obtained from here. The country 
extending south towards the Simlipal jungle has also not been 
surveyed, but the indications are that these deposits are likely to be 
found to the south, as the basic igneous rocks with which they are 
associated continue in that direction. It may be remarked that this 
area deserves close prospecting and thorough sampling before dis¬ 
carding it as a likely source of vanadium. It should be under¬ 
stood, furthermore, that as this is the only high grade (probably) 
type of vanadium-bearing iron-ore known, a suitable method of 
extraction would have to be developed. The solubility of the 
vanado-magnetite suggests that a wet process may be a likely line 
of investigation. 


Lead-ore. 


Namhu, 
Shan States. 


67. Galena is reported by Dr. M. R. Sahni to occur about five 
miles west of Namhu in the bed of a small hill stream known as 
Mokso-nga-pau (21° 46' : 96° 41') in the 
®“ Southern Shan States in Sheet 93 C/9. At 
the time of Dr. Sahni’s visit the entire hill- 
ride had slipped and choked up the dry bed of the stream and no 
specimens of ore could be found. Blocks of slickensided rock axe 
common and in Dr. Sahni’s opinion there is no doubt that a fault 
crosses the stream-bed hen and that the occuitenoe of ore is con¬ 
nected with it. 
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68. Near the 12th milestone on the Thabeithyin-Mogok rond, 
Dr. Iyer reports that a vein of quartz containing galena cuts a 

ridge formed of crystalline limestone and calc- 

Mo^g^kmdTBlfraS'*"’ prospecting ha.s been carried 

out on this vein within comparatively recent 
times, as may be seen from the pits sunk in it. The galena occurs 
as streaks in the quartz and is reputed to contain a little silver. 

69. Dr. A. K. Dey noticed a few crystals of galena in a small 
quartz vein occurring in a paddy-field about half a mile W. N. W. 

of Kama (22^^ 63' : 86® 44'). No exploratory 
Bengal!”” district, done on the deposit, which 

appears to be more of academic interest than 

commercial value. 


Lepidolite. 

70. A visit was made by Mr. Creokshank to the area where 

lepidolite had been found during the previous field season. Two 

deposits were mapped. The one occurs about 

Pro^nces.^****’ Central yards south of Mundval (18® : 81® 60'), 

and extends east-west about 300 yards. A 
prolongation of this deposit was noted along the same strike about 

400 yards further west. 

A richer looking occurrence was noted on the face of the hill 
about 600 yards south by west of Mundval. The pegmatite in 

which the lepidolite occurs is about 30 feet wide by about 70 yards 
in length. The lepidolite is confined to 15 feet in the centre of 
the pegmatite. It forms large boulders separated by a network 
of veins and minor boulders. All these are embedded in brittle 
white quartzite. 

A shallow trench was cut across the pegmatite in order to ascertain 
the percentage of lepidolite present. It was estimated that if the 
whole lepidolite-bearing part of the pegmatite wa*s extracted, about 
16 tons of lepidolite would be obtained for every foot in depth of 
pegmatite extracted. For this output about 90 tons of useless 
quartz would have to be taken out also. 

Petroleum. 

71. Charge of the office of the Resident Geologist, Ycnang- 
;^aang was held Mr. E. J. Bradshaw until his departure on leave 
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on lihe 2l8t April and after his return from leave on th,e 9th 
December. Charge of the office was held by 
Resident Qeoioglst jyjj. (j Clegg during Mr. Bradshaw’s 

absence on leave. The Resident Geologist 
was consulted on technical matters arising out of the administra¬ 
tion of the oilfields and on problems relating to leasing and de¬ 
velopment. Routine work included advice on the Mrilling and 
abandonment of wells and the storage and measurement of oil. 

During the year the Resident Geologist was consulted on techni¬ 
cal matters during the preparation of draft Rules under the Burma 
Draff Rule* under the Oilfields Act, 1918, as amended by Burma 
Burma Oilfields Act, Act No. VII of 1933. The draft rules, whose 
purpose is to give effect to the objects of the 
Burma Oilfields (Amendment) Act, 1933, were completed during 
the year and have since been published for opinion and criticism. 


Natural Qas* 

72. In consequence of a request made by the Government of 
Bombay in the Revenue Department, Dr. P. K. Ghosh revisited in 
August and September, 1935, the fourth bore- 

dl8?rict!*Bombay!*^******** Sonaria tank, about IJ miles to the 

west of Gogha in the Ahmodabad district^. 

As a result of the visit, Dr. Ghosh recommended that the boring 
operations commenced by a private firm in February, 1934, should 
be discontinued, as the locality chosen for boring was situated 
almost at the bottom of a syncline and was fairly close to the third 
bore-hole, reported on by Dr. Ghosh in 1932, which has been dis¬ 
charging an uninterrupted flow of gas since 1921. Moreover the 
locality in question was not one of the six sites which, on structural 
grounds, Dr. Ghosh had selected in 1932 as suitable for exploration. 

According to Br. Ghosh, the data obtained from the bore-hole 
indicated that there are two layers of gas-sand at 841-845 feet and 
967-960 feet respectively, the latter being perhaps a continuation 
of the gas-bearing stratum met with at the third bore-hole at Gogha. 
As is to be expected, the amount of gas emitted is scanty; it is 
issuing as small bubbles with a fairly copious supply of water. The 
evidence is not clear as to whether the gas-sands are independent 

> * Geaeral Report for 1933 ’ Ifec, Geol, Surv, Ind., LXVHI, pp. 42-44, (1984). 
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of water; the simultaneous issue of gas and water may be due to 
the seepage of waller along the sides of the bore-hole pipes from 
higher horizons. It is essential that the gas horizon should be 
kept perfectly watertight. Hence, in future operations, all the 
water-sands should be cemented off with the progress of the bore¬ 
hole. 

Unsatisfactory as the Sonaria bore-hole is from the commercial 
point of view, it has at least served to confirm Dr. Ghosh’s views 
concerning the patchy distribution of gas-sands in this area (at 
Gogha only one gas-sand was found, while at Sonaria tank there 
are two), and the extension, although in a very attenuated form, 
of the Gogha gas-field at least up to the Sonaria tank site. 

The records of the bore-hole have not added substantially to 
our knowledge of the gas-bearing potentialities of the area. Dr. 
Ghosh does not think it worth wlule putting down bore-holes in 
the Gogha anticline as the gas-content of the anticline must be much 
reduced by now. 

As regards the other anticlines, viz,, Bhumbli, Rampur, Ratanpur 
Nava, Kuda, Avania and Akvada, it yet remains to be proved that 
they contain gas in commercial quantities, although such a possi¬ 
bility certainly exists. Accordingly, if it be decided to pursue 
the investigation further, Dr. Ghosh recommends the sinking of 
bore-holes near the crests of these anticlines in the first instance. 
From the results obtained from these bore-holes, a bettex idea 
will be formed of the gas-content of the Tertiary belt in the north¬ 
eastern part of Kathiawar. 

In the bore-hole situated at Hajad in the Ankleshwar taluk, 
Broach and Ranch Mahals district, Bombay, on the east coast of 
Ankleshwar taluk Cambay, Eocene Nummulitic lime- 

Broach and Ranch stone was met with at a depth of 30 feet, and 
Mahals district. boring was continued in the Nummulitics to a 

depth of 180 feet, when further work was discontinued as a result 
of Dr. Ghosh’s advice. Dr. Ghosh considered it advisable for 

work to be restricted to Gaj sediments in the first instance, as the 
gas on both sides of the Gulf has so far been obtained from sediments 
of this age. 

Salt 

73. During the Pujah holidays in October, Mr. E. R. Gee visited 
Salt Range, Punjab, in order to advise the Northern India 
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Salt Revenue Department on certain points in connection with the 
exjdoitation of the rock-salt resources of that asaa. 

In the Mayo Mine, Khewra (32° 38' : 73° 1') he observed that, 
in the south-eastern part of the mine, the new 23 incline has proved 
the Middle Pharwala seam and that cross-cuts 
Mayo Mine, Khewra, being driven in that seam to the east 

^ ■ and west. He advised the driving of an ex¬ 

ploratory drift towards the south from this cross-cut near chamber 
26 in order to prove the thickness of the seam. In the Pharwala 
development tunnel he noted that the recent extension had passed 
through the Sujowal seam into the Buggy seam, though the division 
between the two seams is here less definite and the seams, so far 
proved, are of poorer quality than in the more western workings. 

At Kalabagh, (32° 58': 71° 33'), Mr. Gee examined the explor¬ 
atory drifts that are being driven near Ealabagh town. Drifts 
have been excavated from four different points 
Kalabagh, Pun]ab. three of these, seams of good quality 

salt have been proved. Extensions to the drifts were recommended. 

74. The Northern India Salt Revenue Department propose to 
have certain areas at Khewra, Makrach (32° 40': 72° 53') and 
Proposed topographl- kalabagh, surveyed on a large scale during 
cal surveys in Hie Salt the cold weather, 1936-36. Mr. Gee had re- 
commended exploratory drifts for rock-salt in 
these three areas and while in the Salt Range this year he advised 
on the extent of the areas that should be surveyed. 


Silver (see Lead-ore). 

Tin-ore. 

76. Dr. Iyer reports that cassiterite has been found in the peg¬ 
matite dyke at Sakangyi (22° 54' : 96° 21') in the Mogok sub- 
„ , „ division, in association with quartz and topaz. 

but that the occurrence is only of scientific 
interest. Columbite has also been reported from the same peg¬ 
matite. 

Water. 

76. At the instance of the Commissioner, Federated Shan States, 

Taba-wena at Lottem deputed to examine the 

tod LoBcaw, Soufiiem possibilities of tube-well water supplies for the 
(Hpm States. towns of Loilem and Lofkaw, 
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According to Mr. Sondhi, Loilem (20® 56' : 07® 34', sheet 93 H/9-13) 
is situated at a hciglit of 4,200 feet above sea-level in the heart of a 
well-defined synclinal basin composed of Silurian rocks, comprising u 
number of series and stages from the Valentian to Hercynian. Litholo¬ 
gically the rocks are divisible into flaggy shales at the bottom, phacoi- 
dal limestones in the middle, and soft mudstones at the top. The 
bottom shales arc best exposed near the village of Panghkawkwo, 
E. S. E. of Loilem, where they dip to the wt*st at 60® and 
have an estimated thickness of 150-200 feet. The overlying phacoi- 
dal limestones are well-bedded and tabular, and have strongly 
influenced the topography and drainage of the area,—the topo¬ 
graphy being pock-marked by a large number of circular funnel- 
shaped Rwallow^-lioles, and the drainage largely underground. East 
of Loilem they dip steadily in a westerly direction at 60° 
and their counterpart to the west of Loilem is represented by the 
sharp hills and swallow-holes west of the Military Police lines where 
the limestones dip to the cast at 60®. ^The thickness of these beds is 
estimated to be slightly over 2,000 feet. 

The mudstones which overlie the limestones are the youngest 
rocks of the ayneline; with the exception of a few intercalated 
strong bands of limestone their character as regards grain and com¬ 
position is very much the same throughout their thickness, which 
is estimated to i)e not raiudi less than 2,000 feet. 

The geological structure of Loilem being that of a syncline, in 
which a thick si'ries of partially fissured limestones is enclosed 
between a lower and an upper impervious layer of clayey rock 
formations, theoretically provides ideal conditions for an artesian 
or sub-artesian supply from w^ells located along the axis of the 
syncline. Tapping a supply from near the base of the limestones 
is not, how-ever, practicable at Loilem. as a bore-hole, to reach an 
effective depth, w^ould have to penetrate too deep to be wdthin the 
financial resources of the town. Financial objections also preclude 
the utilisation of water by pumping from the artificial lake which 
lies south of the Military Police lines, and the piping of water from 
a perennial spring which emerges 2| miles N. W. of the town. 
For practical purjioses therefore the upper mudstones are the only 
rocks which can be considered. These possess very poor permeabib 
ity and a system of water supply, such as a tube-wTll, wher(' 
free permeability is an essential factor, is unsiiited to them. The 
present dug wells at Loilem, which are mostly fed from tlic more 

IB 
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permeable surface soil and sub-soil, yield enough water for the 
requirements of the town so long as the sub-soil remains saturated 
with meteoric waters. With the advance of the dry season, when 
the sub-soil is drained and seepage is confined to the fresher rocks 
below, the yield becomes very small. The flow into a well in such 
conditions is in direct proportion to the seepage surface tapped 
by it and in a tube-well such surface is naturally considerably 
reduced. It is obvious therefore that a tube-well cannot be re¬ 
commended to replace the existing dug wells for the water-supply 
of the town. In the circumstances Mr. Sondhi recommends the 
improvement of the existing type of wells by increasing their depth 
and diameter and also by running infiltration galleries in ^suitable 
directions, so as to increase their seepage surfaces and storage 
capacities. 

Mr. Sondhi thinks that this supply could be supplemented in 
individual cases by the collecting of rain water from the corrugated 
iron roofs with which most of the buildings of the town are provided. 

Loikaw (19® 40': 97° 13'—sheet 94 E/2), is the largest town of 
the Karenni States and is built on the banks of the Balu chaung 
which flows from the well-known Inle Lake. The oldest rocks of 
the area are represented by a series of mudstones of a deep red 
colour exposed on the western slopes of the hills to the south of 
town and also, in a fresher state, in the stream itself. These are 
unconformably overlain by Plateau Limestone which occurs in the 
form of sharp crags and rugged hills. Both these formations are 
covered by the thick mantle of lacustrine deposits of the flat Loikaw 
plain. At Loikaw these lacustrine deposits are between 70 and 
80 feet thick and have been entirely cut through by the Balu chaung 
exposing a long line of scarp faces on either side of the stream. 
They are composed of poorly consolidated clays and loams of a light 
colour, without any visible bedding, and contain iron salts which 
give rise to a highly lateritised soil. A surface study and well 
records do not give any indication of the existence in them of freely 
permeable, coarse-grained beds, such as sand or pebble beds, although 
such deposits are liable to occur in shallow water deposits of this 
nature. In the absence of such evidence Mr. Sondhi cannot advise 
the sinking of a tube-well except for purely experimental purposes. 

The only other source of water-supply available is the raising 
of water from the Balu chaung. This is a source that may best 
be left to the local Public Works ]>epartment to investigate. Be* 
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garding the present water-supply from dug wells, Mr, Sondhi remarks 
that during the rainy season the water table is practically level 
with the ground surface and the few wells north of the Bala chaung 
are full to the brim. With the advance of the dry season the water 
table drops steadily with the consequent drop in. the water level 
in wells until, towards the middle of the dry season, the wells are 
dry. The general direction of the ground slope is to the west, 
towards the Ya lake, and wells in this direction are the last to dry 
up. On the extreme west the Ya lake retains a sheet of water 
throughout the year and its banks are always green and marshy. 
The level of this lake therefore appears to represent the level of 
permanent saturation. If this be true, then none of the present wells 
reaches this zone and all derive their supply from a temporary 
saturation of the lacustrine deposits in the rainy season. Another 
reason wliy the zone of permanent saturation can be expected to 
be near the level of the Ya lake is that, in a poorly consolidated 
homogeneous deposit like that at Loikaw, maximum concentration 
of water may normally be expected near its base where it lies upon 
the well-consolidated impervious mudstones, and this hitter deposit 
cannot be far below the level of the lake. In view of these con¬ 
siderations Mr, Sondhi suggests that the present veils do not reach 
the zone of permanent saturation and that at least one well should 
be sunk deep enough to reach the base of the lacustrine deposits 
to ascertain the conditions of water concentration there. 

77. During the field-season 1934-35, Mr. V. P. Sondhi reported 
on the waterless tracts of the Lower Chindwin district/. These 
are situated either on the Irrawadian series 
(Upper Tertiary) disposed in a synclinal basin, 
or on alluvium; of the latter there are deposits 
of both older and younger; the former crops out in certain localities 
only and is often covered by younger alluvium and a thick soil 
cap. It does not form a good source of underground water, and 
most of the waterless tracts east of Monywa lire situated on it. 

Tube-wells which go through the alluvium to tap the water 
in the Irrawadis may be ruled out, as the water in th<' Upper Ter- 
tiaries in Upper Burma is always saline and usually impotabh^ and 
in the alluvium here the limited percolation area of a tube-well 
would not give an adequate supply. 

Mr. Sondhi discusses the various areas in detail and his general 
^nplusions aire to the effect that amelioration of the situation is 

X! 2 
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to be sought in sinking shallow wide-diameter wells, or by widening 
the existing ones and running infiltration galleries at any water¬ 
bearing horizon met with. Such wells, it would appear, do not 
usually need to exceed 30 feet in depth, though in two cases sweet 
water has been struck at about 80 feet. 

Surface tanks are, of course, useful, but should be located in 
comparatively narrow valleys, preferably with steep gradients, and 
the surface area shoiikl be as small as possible in proportion to 
capacity, to reduce the loss by evaporation. 

78. In April, Mr. West paid a short visit to Rewa State to investi¬ 
gate the possibilities of increasing the water available for irrigation 
in the northern part of the State. The area 
India^* ^**^^^* Central investigated comprised the four tuhsils of Satna, 
Rewa, Mauganj and Sirmaur. This area is 
part of a level elevated plateau, bounded on the south-east by 
the Kaimur range, and on the north and east by the escarpment 
which overlooks the plains of Allahabad and Mirzapur. The 
gentle northern slope of the Kaimur range gives rise to a number 
of streams flowing nortliwards across the plateau. The rainfall 
averages about 42 inches a year; but, owing to the scarcity of 
vegetation in this part of the State, the rain, as soon as it falls, 
rapidly runs off the ground into the streams and rivers, and is thus 
to a large extent lost to the State. 

The geological structure of this part of the State is simple. It 
is a very shallow trough of Upper Vindhyans pitching very gently 
to the west. The centre of the trough is formed of the Lower 
Bliander sandstone, followed outwards successively by the Bhander 
limestone, the Ganurgarh shales, and the Upper Rewa sandstone. 
An examination of the water-bearing properties of each of these 
groups, as judged from the supply of water in the wells, showed 
that the only group likely to contain much water is the Bhander 
limestone, Since this group is underlain by impervious shales, the 
conditions appear to be favourable for the accumulation of under¬ 
ground water within the limestone. The volume of water which 
may be stored in this way is, however, rather problematical. In 
the first place the trough is so shallow, especially on its north side, 
that the conditions favourable for the storage of water, which are 
dependent on such a structure, can only be held to obtain to a very 
limited extent. In the second place, the limestone in question is, 
for the most part, so massive that the volume of water thst it 
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capable of storing is likely to be limited. To determine to what 
extent these limitations are serious, Mr. West has suggested that 
the two big wells by the new guest Tiouse at Rewa should be thorougli- 
ly tested by continuous pumping with efficient electric pumps, 
noting the rate of recovery of the wells. Tn addition he has recom¬ 
mended that three new deep wells be constructed in the centre 
of the trough. One of these may be constructed by deepening the 
well at the power house at Satna. A second should be constructed 
near Rampur on the E^'wa-Satna road, and a third should be put 
down near Amilki, between Rewa and Govindgarli. These throe 
wells should also be thoroughly tested. It might be thought that 
for the purpose of these experiments tube-wfdls would be easier 
and less expensive to construct than wells. But in view of the 
fact that the rate of flow of water within the Bhander limestone 
is likely to be slow, the very mucli greater surface provided by a 
large diameter well will be more efficient in supplying water from 
such strata than a narrow tube-well. 

Summarily, while Mr. West is rather doubtful if the large amount 
of water required for irrigation can be oi>tained in depth from 
these rocks, he considers that in view of the great benefit to bo 
obtained from an increased supply of water the tests recommended 
by him should be carried out. 

79. At the request of the Chief Engineer, Irrigation Develop¬ 
ment, Mr. Auden was deputed in conjunction with Dr. M(iKem/ie 
„ .... Taylor, Director of Irrigation Resoarcli, Pun- 

bad districts, United jab, to advise on problems connected with a 
Provinces. scheme of tube-well irrigation in the north¬ 

western districts^ of the United Provinces. The Irrigation Depart¬ 
ment has embarked upon an extensive scheme of state irrigation 
from tubc-wolls, driven by Ganges Grid electricity. The final 
development will entail the running of 1,500 cusec wells for 

3,000 hours in the year over a total area of 3,000 square miles. 
The problem was whether or not sucli pumping would have a dele¬ 
terious effect on the ground-water supplies of the districts coU'* 
corned. The factors governing the supply of w^ater to the ground 
are:—(1) local rainfall; (2) slow seepage from the Terai, where 
the rainfall is higher; (3) seepage from canals and canal-irrigated 
lands; and seepage from the areas irrigated by water pumped out 
from the tube-wells. 
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Dr. McKenzie Taylor is concerning himself with a statisti^l 
examination of the rainfall and water-table records, with the in* 
fluence of seepage from canal-irrigated lands, and with accurate 
laboratory determinations of the transmission oo-effioionfcs of the 
water-bearing sands. 

Mr. Auden emphasises that the areas in which tube-well pump¬ 
ing is confined should not be considered as isolated units indepen¬ 
dent of the neighbouring areas whore there is less demand for water 
drawn from the ground, but that they should be regarded as part 
of the Gangotic alluvial systcim, which, east of the submerged ex¬ 
tension of the Aravalli range from Delhi towards Dehra Dun, occurs 
in a single basin almost certainly without underground barriers 
of any magnitude. While rainfall is probably the dominant factor 
in controlling the level of the ground-water in individual districts 
it is a safe conclusion tliat the continuity of the alluvium in this 
basin permits the greater rainfall supply of the Terai belt being 
operative as a means of replenishment in the area to the south. 
A study of the tube-well records shows that sands predominate 
over clays and also that correlation is very seldom possible between 
the strata of even closely situated wells. The strata are lenti¬ 
cular, and the predominance of sands suggests that the clays should 
be considered as leuticles enclosed within a more general matrix 
of the sands. This indicates that the water in the sands occurs 
as a continuous reservoir, which must be connected with the strata 
below the Terai where the rainfall is greater. Even assuming the 
most unfavourable conditions—-an annual rainfall of 20 inches 
(which is the average of three different periods of three consecutive 
years of lowest rainfall at Meerut) and no percolation of the irriga¬ 
tion water from the wells back into the ground, Mr. Auden calculates 
that there is a considerable excess of rainfall over the water remove<l 
by pumping. Both Mr. Auden and Dr. McKenzie Taylor were 
impressed by the porosity of some of the superficial sands and by 
the fact that percolation back into the alluvium must be consider¬ 
able. Taking into account the interconnection of the water-bearing 
sands, the influence of the higher rainfall zone of the Terai, and the 
percolation of water pumped out from the wells back into the allu¬ 
vium, Mr. Auden considers that there is little danger of the lowering 
of the water-table as a result of this irrigation scheme. 

80. In October, Dr. 0. S. Fox visited Madhupur (24® 16': 86® 38') 
in order to advise the authorities of the East Indian Bailway on 
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the question of augmenting the supplies of water for the railway 
^ p I R locomotives and staff. The total quantity of 

a spur, . . y. required ^sraa 20,000 gallons per day. The 

present source of supply for the staff is derived from a number 
of wells, and for locomotives it is obtained from a tank to the west 
of the station, the tank being kept filled by pumping from the 
Titia nala about one mile south-west of the railway station. 

Dr. Fox states that the rocks exposed consist mainly of gneisses 
with irregular lenticles and veins of pegmatite. He observed a 
prominent seepage of fresh water in the railway cutting between 
miles 183 and 184 on the Main Line to the N. N. W. of Madhupiir 
Station and advised the sinking of a deep well in a recess on the 
west side of the cutting between miles 183/7 and 183/8 with, if 
necessary, a gallery running from the bottom of the well beneath 
the railway cutting. As an alternative, he suggested that tlie 
present well No. 1 might be deepened and a similar underground 
gallery driven towards the above-mentioned cutting. 

He further suggested that the supply of the I’itia mla pump¬ 
ing taiiJc might be greatly improved both in quantity and quality 
by excavating a wide-diameter well to a depth of 26 to 30 feet 
below the bed of the mh, immediately on the upstream side of 
a prominent dolerite dyke which crosses the stream-bed just below 
the present pumping station. 

81. Dr. Dunn visited K^impteo in September to advise on the 
possibilities of a water supply for the Cantonment. Up to the 
Kamptee, Central present a large number of private and military 
Provinces. wells have supplied the water roquiiements, but 

it is now proposed to utilise the considerable amount of reserve 
power at the Power Station in some form of pumping scheme. 

The Cantonment area is covei’ed by alluvium to an average 
depth of 40-60 feet, but the evidence available indicates that a 
ri(^e of schists and gneiss underlies the alluvium here, striking 
W. N, W. To the north, across the Kanhan river, Kamthi sand¬ 
stones crop out and the boundary betw'eeii Kamthi sandstones 
and gneisses is either a fault or a very steep north-dipping surface. 

It has been proposed to sink bore-holes in the Power House 
compound with the hope of obtaining the necessary water supply; 
but such a scheme is unlikely to yield the 180,000 gallons per day 
required. 
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Bore-holes along the bank of the Kanliaii river into the porous 
Kamthi sandstones near their junction with the gneiss are an alter¬ 
native scheme,—previous boring here had demonstrated the possi¬ 
bility of obtaining 8—10,000 gallons j>er hour from one borehole ; 
but the water was of a hard nature. The scheme is not favoured 
because of the uncertainty of obtaining the necessary supply. 

The most certain source of supply at Kamptee would be from 
a large well sunk in the river-bank at the sharp bend opposite Goro- 
ghat, at a point west of Camp Equipage Godown No. 4, and west 
of the tributary nah which enters the Kanhan just west of the 
bungalow. The well would be on the low ground about 30 feet 
from the river-bank, and the pump house would be situated on 
the high ground a few yards fui’ther south, above flood-water level. 
This situation is almost ideal for this type of well. If the supply 
is insufficient from the well itself, after taking it down to bedrock, 
a short gallery, driven out below the river, should give all the addi¬ 
tional infiltration required. 


GEOLOGICAL SURVEYS. 

Burma Circle* 

82. During the field season 1934-35, the Burnm Circle consisted 
of Mr. E. L. G. Clegg (in charge), Messrs, E. J. Bradshaw, V. 1\ 
Sondhi, Drs. U. L. Chhibbor, M. li. Sahni and L. A. N. Iyer. Mr. 
Bradshaw was stationed at Yenangyaung as llcsident Geologist and 
on his proceeding on leave on 22nd April, 1935, Mr. Clegg took 
over the duties of Resident Geologist in addition to his own. 

83. The field season had hardly begun when Dr. Chhibber, 
who had proceeded to the Myitkyina district to continue his survey 

Myitkylna district. Mines area, became ill and was 

unable to continue his work. As a result, 
the survey of the Jade Mines area was not continued. 

84. During January and February, Mr. Clegg was engaged on 
the completion of work along the Eocene-Pegu boundary in sheets 

Thayetmyo district. ^ Thayetmyo district. 

During the 1928-24 field season Mr. Ologg 
worked m this area but was unable to find any evidence for fixing 
the P^u-Eocene boundary between Thakutkyaw (19^ 18': 94® 64') 
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and west of Thapangyo (19® 5': 94® 57') to the south.^ As a coiiso- 
quorico the boundary was left as originally mapped by Theobald.*^ 

The Eocone-Pegii boundary, as revised by Mr. Clegg as a result 
of his recent work, is adumbrated in Theobald’s map by the lime¬ 
stones shown as occurring south and west by south of Tliapangyo. 

The area examined, which is included between the Thayetmyo- 
Mindon road (latitude 19® 23') and the Made chatimj (latitude 
19®) and longitudes 94® 47' and 95®, forms a diagonal running N. N. E. 
and comprises Upper Eocene and Lower and Middle Pegu rocks. 

The Upper Eocene rocks consist of shales, altermiting flaggy 
sandstones and shales, false-bedded and lenticular sandstones of a 
massive character, and foraminiferal limestones. The foraminiferal 
limestones are in general associated with the more shaly bands 
in the series, although foraininifera do also occur as reefs and isolated 
tests in some of the sandy rocks. Were it not for the foraminiferal 
limestones it would be diflficult, if not impossible, to fix an upper 
boundary to the Eocene. As it is these limestones ain^, intermittent 
in character and at times have the habit of striking at an angle 
to the ridge of high ground wliich they form; they dip for the greater 
part in conformity with the other Eocene rocks in a north-east(jrly 
direction at an average of about 30®. Ln sheet 85 1/15, on the 
Thayetmyo-Mindon road, they are met at mile 28*2 and occur 
intermittently from here to the south-east for about six miles, 
whore they are cut off abruptly by faulting. They are bounded 
on the south-east by a cross fault which runs in a south-west by 
west direction and forms a fault scarp north-west of Shwenattaung 
Pagoda. These Eocene foraminiferal rocks were picked up again 
eight miles to the S. S. W. in sheet 85 1/16 and were traced from 
there in a south-east by south direction to Pingadaung on Made 
chaung. Faulting in these Upper Eocene rocks is common. 

The Pegu rocks, from where the Eocene ro^ ks are cut off six 
miles south of the Thayetmyo-Mindon road, consist of a massive 
series of rather shaly fine-grained micaceous sandstones, weathering 
out in lenticles in the harder bands and spheroidally in the thin, 
softer and more shaly intercalations. They form the liigh Theobyit 
Taung-Myitmyin Taung ridge, which is made up of a series of scarps 
and dip slopes striking north-west to north. The dip slopes arc 
at angles of 40® or more and are often bare of vegetation and 

»JBec. Geol. Swv. Ind., LVIH, Pt. 1, p. 45, (1926). 

> Mem. QeoL Sure. Ind., X, Art. 3, Map, (1873). 
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extremely difficult to traverse. On the summit of the ridge castel¬ 
lated effects are produced. Northwards these rooks have a very 
poor development on the east side of the Elocene-P^u boundary, 
<;hiTining out from 3,000 feet to little more than 600 feet. The 
series is fossiliferous but fossils become more scanty south of &e 
Mindon chaung, where the same series is found in the faulted anti¬ 
cline which forms the Wetchan Taung-Taungnyo range and in the 
syncline to the westward in the rocks which form the ridges of 
Nale Taung, Sima Taung, Kyein Taung, Yebok Taung and the hills 
north of Eyaukme. 

This sandstone series passes gradually upwards into a shale 
series which can be followed down the Pyinaing-Satle vaOey, through 
Auknianein, Singaw and Eyaukpadang and thence to the south¬ 
east to underlie the Prome sandstones west of Kama; it passes 
downwards into a fine, blue, sphoroidaEy weathering shale series 
which can be seen (1) due south of ThaJeutkyaw, (2) in the core 
of the faulted Wetchan Taung-Taungnyo anticline and again (3) 
forming the valleys of Pyagyi Monda, Gyinye,- Yebokkale, Pein- 
nekwin and at Kyaukme. A local sandstone horizon is sometimes 
present above the Eocene foraminiforal limestone horizon and can 
be seen west of Monda and Gyinye and north-west of Peinnekwin 
in sheet 86 1/16 and east and south-east of Thakutkyaw in sheet 
86 1/16. The above horizons can be identified with the Yaw stage, 
(foraminiferal limestone), Shwezetaw sandstones, Padaung clays, Ok- 
Wintaung sandstones and Pyawbwe clays of Lepper,^ and a very 
similar section can be made out further north about latitude 19“ 
32', where the Okhmiutaung sandstones are again strongly developed 
in the ridge from which they presumably take their name, although 
thinning out to the east, where they reappear as the sandstones 
of the Monatkon and Okpon domes and possibly in the anticlinal 
folds further east. 

86. From the latter part of March to the end of the season 


Mr. Clegg completed the 4-inoh sheet survey of the Mogok Stone 
„ ... _ . Tract by a more detailed examination of certain 

areas, and m this work he was assisted during 

April by Dr. Iyer. 

The rock groups were the same as mentioned in last year’s 
General Eeport.* 


* World Petrofeum Congiem, Lemdon, 1933, VoL 1, n. 16. 

* Bee. Ged. 8»rv. Ind., LXIX, p. 61. (1936). 
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A short visit was paid to the Kyauktalon area to see if it was 
possible to put in a definite boundary between the so-called Mogok 
series and the schists to the south. No definite 
boundary between the two areas could be made 
out and although the change from the biotite-garnet-gneiss to the 
schist series can be said to be gradual, gneissose schists are found 
interbanded with biotite-garnet-gneisses in the north and with mica- 
schists in the south, whilst tournialiiic-granitos are found intruded 
into both series. South of the Nampai Chaung, however, where 
no intrusions of tourmaline-granite were met, phyllites alone were 
found. In tliis transitional area the lenticular sheets of tourmaline- 
granite give rise to the lulls and the biotite-garnet-gneisses and 
schists to the valleys. The schists are very poorly seen, as they 
are deeply weathered to a thick red soil-cap whilst the country is 
thickly forested. 

In addition to the mapping of a few more small outcrops of 
crystalline limestone in association with the syenite in the Ongaing 
lleserved Forest, north of Mogok, the main 
* mass of the syenite whkdi runs through Oii- 

gaing village was found to continue westwards as a thin band into 
the Yebu valley. On the north side of the Yebu valley, where 
the Mogok-Kyaukiiaga track crosses it, the rock is still clefiiiitol)^ 
an augite-syenitc consisting of microperthite, orthoclase, augito, 
apatite and iron-ores, sometimes a little plagioclase also being pre¬ 
sent. Towards Yebu, in the isolated outcrops in the paddy fields, 
the rock is more acid in character and contains a fair amount of 
quartz; westwards along the Uyin Chaung tliis granitic character 
prevails to Thapanbin where the augite or hornblende-syenite and 
granite series dies out. North of Yebu and Thapanbin small out¬ 
crops of white crystalline limestone with phlogopite, spinel and 
graphite were noted, caught up in the series. 

The numerous crystalline limestones mapped south of Kyauk- 
thinbaw Taung in the north of the Ongaing Reserved Forest are 
intruded by syenite and pegmatite, the pegmatite being a coarse 
whitish rock composed of felspar and smoky quartz, usually seen 
cutting through the limestone or capping it and occurring in a 
similar xnazmer to the exposures seen on Chinthe Taung north-east 
of Kathe. 

On the south-east of Lada Taung, the jagged crystalline lime¬ 
stone hill immediately north of Mogok town, which continues east 
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wards to unite with the southern end of the Letnyo spur, occurs 
an exposure of weathered pjarnet-gneiss which takes off from the 
eastern end of the Injauk valley. This band is obscured by debris 
in the flats west of Myenigon but is seen again cutting into the 
south end of the Letnyo spur; it thins out to the east and is over- 
lain by crystalline limestone in the Letnyo spur only to reappear 
again as a pear-sliaped outcrop underlying the huts north by east 
of Myenigon. Eastwards it is again covered by limestone for a 
few yards but crops out again in the knoll which protrudes from 
the stone diggings to the east. The rock is a light-coloured medium 
to coarse-grained garnetiferous gneiss and consists of orthoclase, 
garnet, and quartz in rounded inclusions in the felspar. A little 
micrographic texture occurs. 


On the south-west spur of Hmyaw Taung, at a height of 6,200 
feet, a very irregular pegmatite of graphic granite continues inter¬ 
mittently to the steep valley immediately north- 
”40\) ^ west of Oksaung Taung. In the valley to the east 
of this spur only decomposed calcareous gneiss 
and pegmatite debris can be seen to the ‘ col ^ north-east by north 
of Oksaung Taung, where the pegmatite which cuts through Hmyaw 
Taung from the Pinpyit area as a continuous exposure is met. In 
the valley on the east side of Oksaung Taung, with the exception 
of a little calcareous gneiss, only pegmatite is exposed. The man¬ 
ner in which the sharp Oksaung Taung peak is reinforced by peg¬ 
matite veins is very reminiscent of the occurrence of pegmatite 
veins in the sharp peak of Pingu Taung in the Kyatpyin valley. 


Thondaiingmyaing is a mountain only three miles north-e^st of 
Mogok as the crow flies, but is concealed from the town by the 

Thondaungmyaing. Letnyo spur. Its soutlieni flank 

is composed of limestone which dips in a direc¬ 
tion north of east and appears to have been at one time continuous 


with the limestone of the Onbin Yedwet spur to the south-east. 
Anastomosing pegmatite veins, which are well seen at the summit 


of the peak, penetrate the crystalline limestone. One such vein 


towards the western flank consists of garnet-granite and pegmatite 
and runs practically from top to bottom of the hill. The pegmatite 
is of a coarse texture and contains ‘ books ’ of mica up to four inches 
across and large quartz and felspar crystals. Some parts show 
graphic granite in which the qaatte is of the smoky variety. On 
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the eastern flank of the exposure pegmatites predominate, coarsely 
crystalline limestone occurring caught up in them. 

On the western flank occur some old workings opened up by 
the late Burma Ruby Mines Company in very coarsely crystalline 
limestone, the calcite rhombs of which attain sizes of over one foot 
across. The crystalline limestone includes crystals of phlogopite, 
graphite and diopside. 

In the Bernardmyo area an exposure of cclogite was found by 
Dr. Iyer, E. S. E. of Ywathit at a height of 5,950 feet, whilst a 
few more exposures of khondalito were not<id 
emar myo. Bernaidniyo road and 

some isolated expoRures of limestone in the thick forest on the 
northern slopes of Mawgiwa Taiing. 

Before joining Mr. Clegg, Dr. Iyer mapped on the one-inch 

scale the area lying between the Kin Chaung 

Thaheitkyifi-Kin ^ and the Irrawaddy river on Survey of India 

aung area. sheet No. 239 (93 B/1 and pjirts of 93 

B/5 and 84 N/3 new). 

In addition to tho rocks mentioned in the Mogok area, Dr. 

Iyer was able to map hornblende-schist or epidiorito, and mica- 
schists and hornblende-granulito of the Tawng-Peng .system. The.se 
latter rocks of the Tawng-Peng sy.stem are the ones .‘^outh of Kyauk- 
talon above-mentioned (page 59). 

Adjacent to the Irrawaddy a narrow strip of Irrawaddy sand¬ 
stones dips westwards into the river ; they form a low ridge of 
medium to coarse-grained false-bedded sandstone.s and are cut off, 
according to Dr. Iyer, from tho Mogok series to tho cast by a boun¬ 
dary fault. Major patches of gravel and silicified fossil wood which occur 
to the east 700 feet above, on the shelf which the Mogok road traverses 
between miles 4 and 10, show tho once greater extent of this series. 

Tire mica-schist series of Mong Long is found to continue in a 
westerly direction from the Mogf)k area and 
Tawng-Nn* gygfem. Lauugiiin (22° 51': 9(r 24'). 

Included in tliis series are liornblendo-granulites, whilst tourmaline- 
granites intrude it. 

Basic and ultrabasic rocks are found as py]*o\"<‘ne and liorn- 
blende-pju'oxene types in the vicinity of 
ttislc fttHl iiltrsbssic Shweuyaungbin (22^ 55^ i 90'^ 20^) and E, iSi, E. 
inlnuiom. OnLinin (22° 46': 96° 8') but tlioir ocru;'- 

renoe is verjr Ettre> 



Records of the Geological Survey cf India. [ Voi.. 71. 


Quartzite. 


The Kabaing granite occurs in the eastern part of the area 
mapped in continuation of the main occutrenoe 

Kabaing granite. Mogok area. Westwards it occurs inter¬ 

mittently as small bosses and bauds intrusive into biotite-gneisses 
and crystalline limestones. 

Syenite and syenite-gneissevs were noted, although rarely. They 
have a similar mineralogical composition and 

Syenite and ayenlte occurrence and are always found in close asso- 
*”**““' elation with the crystalline limestones, as in 

the Mogok area. 

Quartzite occurs either as a more arenaceous facies of the calcar¬ 
eous suite of rocks or as • a replacement of 
yuarz e. calcareous gneisses and is best seen near Ky- 

aukhlebein (22° 54': 96° 13') as a lenticular mass associated with 
limestone and calc-gnciss. 

Calcareous gneiss, scapolite-gneiss and diopside-gneiss occur as 
marginal bands, inclusions or impure bands in 

Calc-gneiss. crystalline limestones. 

Crystalline limestones and calciphyres attain their greatest de¬ 
velopment west of longitude 96° 11', as three 

Crystalline limestones trough-like folds intruded by granites, whilst 
and calclp yres. western termination they are folded 

in with gneisses and hornblende-schist. 

On the shelf mentioned as traversed from miles 4—10 of the 
Mogok road, the crystalline limestones are practically horizontal, 
although in places Kabaing granite and other rooks of the Mogok 
suite do penetrate them in hump-backed ridges. These crystalline 
limestones are often very fractiued and in the more coarsely crys¬ 
talline exposures graphite, phlogopite and spinel are commonly 
present; in the medium-grained and granulitic contact bands cal- 
cite, diopside,’ forsterite, chondrodite, sphene, scapolite and iron- 
ore are also present. The limestones may be either calcitic or 
dolomitic. 

Hornblende-schist and hornblende-gneiss are confined to the 
area adjacent to the band of Irrawaddy sandstone north and south 
of Thabeitkyin (22° 63': 96° 1'); they also 
HunUende-iclibtaiul form massive hills and steep cliffii nor^ and 
bombieflde-gne si. south of Ponna (22° 49': 96° 1'). H<miblende- 
sohist is idso seen folded with crystalline limestone and hjotite- 
gneiss in sixeam sections. 


Calc-gneiss. 
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Although no typical khondalites were mapped in the area, 
Blotlte-garnet-sllli- biotite-gamet-sillimanite-gneisses were found to 

manite-urneisses. have a local occurrence. 

The unclassified crystalline group of rocks which occupy the 
greatest area mapped, includes numerous petrological types of both 
intrusive and sedimentary origin and their 

Hue rockf*^^^ crystal- metamorphic derivatives, which, owing to 
their relatively small occurrences could not be 
mapped separately; the rocks of the series vary from coarse-grained 
normal biotite-granites to biotite-pyroxene-granites, hornblende-gra¬ 
nites, biotite-garnet-gneisses and biotite-garnet-sillimanite-gneisses. 

South of Laungzin the Mogok series passes gradually into the mica- 
schists of Monglong. 

A granite which was noted by Mr. Clegg 41 miles south of Yame- 

thin on the main Rangoon-Mandalay road, on sectioning proved 

o ^ almost identical in mineralogical com- 

South ol Yamethiit. ... i v . • x* x rr i. • 

position and characteristics to the Kabaing 

granite. Further specimens have been collected with a view to 

analysis, 

86, Mr. V. P. Sondhi continued his work in the Southern Shan 


Southern Shan States, 


States. This comprised during tlu‘ 1934-35 
field season— 


(1) The continuation of systematic mapping of the Lawksawk 

and Yengan States. 

(2) The continuation of a traverse along the Paunglaung 

valley. 

(3) Short visits to Loilem and Loikaw to t‘xplorc the feasibility 

of tube-woUs for the water-supply of these towns {see 

Water, pages 48 to 51). 

In the Lawksawk and the Yengan States a large portion of 
sheet 93 C/ll-15 was mapped and the survey of sheet 93 C/12-16 
was completed. Apart from the superficial deposits of alluvium 
and residual earth, the development of which in 93 C/ll-15 be¬ 
comes restricted in a northerly direction, the geological formations 
present in this sheet are essentially a continuation of those occur¬ 
ring in the southern adjoining sheet 93 C/12-16. The southern 
portion of the area covered forms a large basin through wliich the 
Zawguin chaung has carved a straight course to the north, but 
to the north and on the east and west the country becomes extremely 
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hilly, and the configxiration is strictly governed by the rook forma¬ 
tions present. Thus the easily weathered brecciated Plateau Lime¬ 
stone occupies the heart of the basin aud gives rise to low undulating 
lulls and rolh'ng plains; the higher levels along the flanks of the 
basin on the west are covered by Lower Palaeozoic mudstones 
belonging to the Pindaya formation; the well-defined hilly zone 
beyond the mudstones is covered by a limestone and siltstono 
formation belonging to the Mawson series, and to the west of this 
zone lies a great expanse of mountainous country, made up of 
Chaung Magyi rocks. In the Mawson series and the Pindaya beds 
some fossil horizons characteristic of these formations were discovered, 
an interestii.g feature of their occuncnce being that this is the 
first time in the Southern Shan States that more than one group 
of Lower Palaeozoic rocks has been met with in the same section. 
Tlieir position in the geological column has of course been known 
from their fossil contents. 

On the east, the Zawgyi basin is flanked by hill ranges composed 
of the Ordovician formations above-mentioned and these in turn 
are overlain by deposits of Silurian age. Some miles to the south 
of this sheet a traverse was made across the same hills along the 
road to Mong Ping where an almost complete succession of Lower 
Palaeozoic rocks was met with. The succession started with the 
Mawson series of Middle Ordovician age and ended with the Tenta- 
etdites beds of the topmost Silurian or Hercynian. Among the 
latter a new horizon was discovered containing isolated specimens 
of a brachiopod resembling Meristia, in association with innumer¬ 
able specimens of TentacuUtes elegans. 

The greater part of the eastern half of sheet 93 C/12-16 is occu¬ 
pied by a large inlier of Chaung Magyi rocks which forms the high 
range north of Pindaya and has peaks of 7,678 and 7,362 feet. 
The inlier is surrounded, on the three sides so far examined, by 
rocks of Lower Palaeozoic age. On the east and south these rocks 
are directly overlain by mudstones of the Pindaya beds, but on 
the west of the inlier they have been recognised only in the northern 
portion of the sheet, where they form a short band; oMietwise 
throughout the length of the sheet the Chaung Magyk are bordered 
by rocks of the Mawson series, which oomust generally of charac¬ 
teristic blotchy limestones. In one place, near Kyauknget, the 
limestones are succeeded by Pindaya beds which in turn underlie 
geaptolite beds of tiw Psndovery stage. A curiogs fefitare of 
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these Palaeozoic rocks is that the whole succession dips to the east 
at high angles, apparently below the Chaung Magyis, suggesting 
the presence of a thnist-fault bringing the older Chaung Magyis 
over the Palaeozoics, but in spite of a close search not a single section 
was discovered wheie the relationshi]) of the two ro(;k formations 
could be actually seen. The Palaeozoic rocks appear to continue 
to the north, ending up against a westerly extension of the Chaung 
Magyi inJier, and it is hoped that further work will reveal the true 
nature of the junction of these deposits. 

With the exception of a small outlier of Red Beds exposed 
in the Paimglaung valley in the extreme south-west, the remainder 
of the western part of slieet 93 C/12-16 is occupied by Plateau 
Limestone. 

The traverse along the Paunglaung valley, which had to be 
postponed by Mr. Sondhi last season, was resumed in the season 
1934-35 at Taloktwin, a village situated near 
The Paung:laung val- the confluence of the Paunglaung chaung with 
ley survey. Maha chaung, in sheet 93 0/1?. The 

Paunglaung chaung here follows a straight course to the S. S. E. 
to the southern end of the sheet, and beyond, in sheet 94 A/9, along 
the faulted junction of the Plateau Limestone v ith a series of highly 
disturbed shales, slates, tuffs and quartzitic sandstones. The age 
of this sedimentary series is doubtful and is likely to remain bo 
until a larger area has been mapped systematically. Throughout 

its length in these sheets the valley is overshadowed on the east 

by an enormous wall-like scarp of Plateau Limestone, rising from 
2,000 to 3,000 feet above the bed of the stream. At the foot of 
the scarp the sedimentary series is expensed, dipping to the east 
and forming a hilly belt of country from three to four miles wide. 
In a few places near the junction witli the limestones it is intruded 
by diorite and porphyry and these intrusions have also affected 

the limestones. On the west the sedimentary series is intruded 

extensively by granite, which is exposed along the western margin. 
Rock exposures are very rare in the valley, as they usually lie imder 
a thick cover of pebble and clay bods, deposited by the stream 
itself in Pleistocene or sub-Recent times. The present stream has 
cut through the entire thickness of this deposit and is now actively 
engaged in cutting into the older rocks beneath. 

The granite on the west is a medium-grained biotite type, of 
li^t colour, traversed by weU-developed regular joints running at 

F 
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intervals in a N.N.E.—S.S.E. direction and giving the rock a 
bedded appearance. At one place, near Sizongon on the Maha 
chaung^ a series of hot springs with a temperature of 128®F. (in 
January, 1936) issues from these joints. 

87. During a comparatively brief field season, Dr. Sahni con¬ 
tinued the survey of parts of the Southern Shan States and the 
Kyaukse district, completing the unfinished 

an5"lSliksf*dls^^ 

tinuing southwards into the north-east corner 
of sheet 93 C/14 and the north-west corner of sheet 93 G/2. 

With the exception that overlying the Chaung Magyi rocks and 
underlying the fossiliferous lower Palaeozoic sediments a series of 
hard blue and purple sandstones, shales and grits with occasional 
intercalations of conglomerate occurs at certain places, the succes¬ 
sion of rocks mapped by Dr. Sahni was identical with the sequence 
found in the area previously surveyed to the north. 

La Touche, in his * Geology of the Northern Shan States', men¬ 
tions the occurrence of lithologically similar beds resting upon the 
Chaung Magyis and assigns to them a lower Namshim age^. J. 
Coggin Brown named similar but unfossiliferous beds overlying 
the Bawdwin volcanic tufis as the Pangyun bods and attributed to 
them a lower Cambrian or Ordovician age^. Later G. V. Hobson 
also recorded similar rocks from other parts of the Northern Shan 
States and correlated them with the Pangyun beds^. Although no 
fossils have been found in the purple beds in the area under survey, 
further search might reveal their presence and the question of their 
age must, therefore, be left undecided for the present. These beds 
appear to rest conformably upon the Chaung Magyi rocks and pass 
without a break into the fossiliferous sediments above. 

In sheet 93 C/13 the belt of Plateau Limestone does not extend 
continuously far south of the area previously mapped, though it 
crops out again and extends in a narrower belt into the sheet adjoin* 
ing to the south. 

Lithologically the Plateau Limestone presents the same charac¬ 
ters as reported last year, and except for one locality, a little to the 
south of Kongtawnghsu (21°. 44': 96° 69'), where a species of 

* ifm. Geol 8urv. Ind., XXIX, p. 132 and p. 136, (1913). 

*Mee. GecH. Surv. Ind., XLVIII, Pfc. 3, p. 146, (1917). 

» 0. V. Hobson, Progregs report for tbe field eeason 1928-29, p. 39, 
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foraminifera occurs profusely, no fossils have been found in the 
dolomitic type. 

Plateau Limestone occurs also as small outliers in sheets 93 
C/9 and C/13. One of these outliers is crossed along the old foot¬ 
path from Hele (21® 46': 96® 46') to the Kyangin Chaung, about 
two miles to the east of the former. Another outlier constitutes 
the flat ground around Ongyaw (21® 47': 16® 43') to the south of 
which village it is brought against Chaung Magyi rocks by a fault. 
Plateau limestone also caps the isolated the gently undulating 
tract south-east of ^ 1977 (21® 61': 96® 38') which constitutes 
an impressive panoramic feature in the midst of very broken and 
dissected country. 

The Ordovician and Silurian formations were mapped together, 
partly on account of the frequent changes in lithology which the 
rocks have undergone, and also because, owing to considerable 
crushing, very few determinable fossils could be found in them. 
Tentaculites elegamey a characteristic Silurian pteropod, was, however, 
recognised at several localities, as, for example, along the scarp 
north-east of A 1977 (21® 51' 30"': 96® 38'), at several points 
south-east of Nam-hu-gyi and again on the footpath running along 
the Nam Tu, not far east of the junction of the Myaung Ka chaung 
and the Nam Tu. 

Lithologically these lower Palaeozoic rocks are identical with 
the rocks of the same age mapped during the previous field season, 
and are composed of yeUow or variegated clays and shales, purple 
shales, phacoidal limestones and fine-grained sandstones. 

The Chaung Magyi rocks occupy extensive areas in sheets 93 
C/9, 93 C/13, and 93 C/14. Lithologically they are identical with 
those previously reported. 

Structurally the area is an anticlinorium, the Chaung Magyis, 
the oldest rooks, being overlcun successively by (1) the purple beds, 
(2) fossiliferous lower Palaeozoic (Ordovician and Silurian) sedi¬ 
ments and (3) the Plateau Limestone. 

Northern Circle. 

88. During the field season 1934-36, the officers working in the 
Northern Circle consisted of Dr. A. M. Heron (in charge, Mewar 
and Danta States), Messrs. W. D. West (Simla Hills), J. B. Auden 
(United Provinces), H. M. liahiri (Punjab) and P. N. Mukerjee 
(Northern Bombay). 

F 2 
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Dr. Heron wafi in charge of the Circle until the 17th September 
1936, when he wa8 appointed to officiate as Director and handed over 
charge of the Circle to Dr. C. S. Fox. 

89. At the beginning of the season Dr. A. M. Heron mapped the 
boundary between tiu'. Ganxirgarh shales and the Bhander limestone 

(Vindhvans) in the Singoli lappa of Gwalior 
and numbers) 

on the one inch scale. 

He then procjeedcd to north-western Mewar (Udaipur State) 
to make a final study of the banded gneissic complex there in one- 
inch sheets 242 and 243 (old numbers). Different parts of this 
had been mapped by Dr. S. K. Chatterjec, Mr. B. C. Gupta and 
Dr. Heron, and as there are cci*tain differences in lithology between 
the north and the south, the possibility had to be explored that the 
northern portion might be Aravallis and that a boundary between 
it and the southern portion, where the Aravallis rest unconformably 
on the banded gneisses, liad been missed. This was found not to be 
the case, and there is no real distinction, but a complete transi¬ 
tion, between the northern and southern types. The lithological 
difference between the two was found to be due to the prevalence in 
the north of a dark highly biotitic intrusive granite which first 
appears in sheet 143, as an isolated boss, becomes abundant in sheet 
142, and all-pervasive to the north-east, in north Mewar and Ajmer- 
Merwara. 

Near Amet (25° 18': 73° 58', sheet 142) two large anticlinal 
domes of sedimentary quartzite rise from beneath the banded 
gneisses, dipping concordantly with the foliation of the latter. 
Their presence, evidently as a basal part of the gneissic complex, 
indicates that, apart from its igneous constituents, it was originally 
a sedimentary formation. The igneous intrusives have invaded 
and almost obliterated the upper pelitic (now mica-schist) portion 
of the succession, and have left the lower quartzite portion almost 
unaffected owing to the comparative impermeability of the latter 
to igneous intrusions. 

90. Early in January 1936, Dr. Heron proceeded to Danta JJtate, 
formerly in Bombay Presidency, but now under the Western Baj- 

D.nf. Slate, Bombay. prowously 

been geologically surveyed extra-dopart- 

inontally by Mr. N. L. Sharma^, but its resurvey was necessary as 
* g. J. Oeol Min. and Met. Soc. Ind,, Vol. HI, No. 1, (Feb. 1931). 
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it forms a link between the surveys of Middlemiss in Idar State, 
Coulson in Sirohi State, P. K. Ghosh in Idar and Palanpiir Stsies, 
B. C. Gupta and P. N, Mukerjee in northern Bombay and Heron in 
Mewar. It happened, in fact to be the ‘‘ key-stone in the arch ” 
of the geology of Rajputana and northern Bombay, which Dr. 
Heron and his colleagues have brought to completion in the field* 
season under review. Danta State and the small estates of Gadh- 
wara and Sudasna in the Sabarkantha Agency of the States of 
Western India Agency are comprised in the one-inch sheets 46 
D/16, D/16, H/3 and H/4. 

Danta, with the adjoining State of Idar, sees the obliteration of 
the synclinorium of the DelJii system to the south by the Erinpura 
granite cutting across it, and the disappearance of the rocks under 
the alluvium of Gujarat, 

Sedimentary rocks are represented by the highest group of the 
Ajabgarh series at the top of the Delhi system. They consist 
of highly contorted calc-gneisses, permeated and isolated by rami¬ 
fications of the Erinpura granite, and are succeeded upwards by a 
great thickness of grey limestones, forming a synclinc in the core of 
which is an oval of phyllitcs, the youngest rocks of the Ajabgarhs 
anywhere seen. 

The Erinpura granite is present in nearly all its proteen varia¬ 
tions, A fairly homogeneous, coarse, porphyritic, biotitic type, 
that of Erinpura itself, forms a great mass covering the western 
third of the area examined; finer grained, non-porphyritic, less 
biotitic and more variable types, often banded, streaky and foliated, 
occupy the central third of the area, and appear to be more in the 
form of sheet intrusions or lenses than large masses. They are 
probably contemporaneous with each other, and are on the whole 
dightly earlier than the coarse-grained material of the large western 
intrusion, but there are gradations between them all. 

The eastern third of the area is occupied principally by the 
Ajabgarh sedimentaries, with the granite intruded into them in 
many different forms, and showing excellent examples of junction 
phenomena,—granite and aplite veins in calc-gneiss, and swarms 
of amphibolite xenoliths in the granite, derived from the calc-gneisses. 

The main interest has been the linking up of Mr. 0. S. Middlemiss’ 
surveys in Idar in sheets Bombay 119, 146, 146 with those which 
Mir coirelslioo recently been in progress on all aides of 
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It has pr6vioiisly^ bean stated that Middlemiss* sohemc of succes¬ 
sion in the sedimentary metamorphics is inverted; his order is a 
perfectly natural conclusion from the evidence available to him, 
as his Phyllite series, in reality the Aravalli system, is much less 
metamorphosed and intruded by igneous rocks than his ‘ calc-gneiss * 
and ‘ biotite-gneiss \ which belong to the Ajabgarh series of the 
Delhi system. These Ajabgarhs are in a deeply folded syncline, 
while the Aravalli phyllites are outside it. It hsi now been ascer¬ 
tained that Middlemiss" * calc-gneiss ^ comprises both Heron’s * calc- 
gneisses ’ and ‘ calc-schists the middle and upper divisions of 
the Ajabgarh series. In describing the Mundeti series, Middlemiss 
pointed out their similarity to his calc-gneisses, but that they were 
metamorphosed to a less degree, and that their general character 
was as if they had been metamorphosed thermally rather tlian 
dynamically. The outcrops north of Mundeti are not penetrated 
by aplite veins, but the Erinpura granite and granite-porphyry 
intrude them at five places on their periphery. On visiting the 
Mundeti series. Heron was struck with their great likeness to the 
‘ calo-schists ’ of the Ajabgarh series, except in their finer and 
incipient crystallisation. 

The Mundeti outcrops are on the strike-continuation of a long 
narrow synclinal valley in which are Ajabgarh calcareous slates and 
tliin limestones equivalent to the calc-schists. This valley synclino 
ends seven miles to the north of the Mundeti outcrops, by the swing¬ 
ing of the Alwar quartzites round its end. Again, just to the 
north-west of the Mundeti outcrops, is the opening of another 
synclinal valley in which poor exposures of the Ajabgarh biotite- 
schists are seen some miles to the north, to which Middlemiss did 
not have access; the calc-schists are not seen in this valley, either 
because the synclinal fold is not deep enough to bring them in, or that 
they are covered by alluvium. If we assume a normal fault, running 
N. W.-S. E. along the north-east of the Mundeti outcrops, this would 
connect up the Mundeti outcrops with the rocks of the first-mentioned 
valley if its downthrow were to the south-west and with the rooks 
of the adjoining second valley if its downthrow were to the north¬ 
east, ail the beds dipping at high angles to the south-east, Middlemiss 
suggests such a fault (and has shown it in pencil on his field-map) 
from the brecciation of the homstone plastered along the noorthetm 

^ jRec. Oeol Surf}, Ind.^ LXV, Ft. 1, pp. 143-44, (1932). 
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alopes of the 1,163 foot apur^ of the Mundeti outcrop, and the sheared 
platy structure and twisted strike of the nearest adjoining outcrops 
of Alwar quartzite.* 

The unconformity between the Delhis and Aravallis was all 
but detected by Middlemiss. The Aravallis (‘ Phyllite series ’) 
immediately below the base of the Delhis are everywhere concealed 
in Idar, but Middlemiss divided the quartzites of Idar into two 
categories,® (a) a region (* expanded *) of broad outcrop areas^ and (6) 
a region (‘ contracted ’) of narrow outcrop areas which twist about in a 
complicated way, using his own apt description of the characteristic 
physiographical differences between the AJwar and Aravalli quart¬ 
zites respectively. The valley of the Hathmati river marks the 
boundary between these two regions, which is in continuation of the 
Delhi-Aravalli junction as mapped by Heron in Me war. There are 
lithological differences between the two sets of quartzites, but rhe 
most important feature is the way in which the Aravalli quartzite 
ridges strike at all angles to the straight line of the Alwar quartzites. 

There is no doubt that the Idar granite of Middlemiss is the 
Erinpura granite, and not the Jalor-Siwana granite of La Touche. 
Middlemiss states that it continues westwards and northwards to 
jom up with the Siwana and Jalor granites,* but the continuity is 
with the Erinpui’a granite, not with those of Jalor and Siwana, 
which are separated from Idar by the huge Abu-Erinpura batholith 
of Erinpura granite. The aplite veins in the calc-gneisscs are one of 
the earliest phases of the Erinpura granite, and though in the Dharol® 
and Vasna® sections described by Middlemiss and examined by 
Heron the granite is later than, and cuts, the aplites, there are 
elsewhere in Kajputana transitions between them. Though in Idar 
the granite is unfoliated and generally coarse in grain, in the adjoin¬ 
ing State of Danta we have transitions from this late type to the 
finer grained, more acid, streaky and foliated forms which are 
believed to be early arrivals wliile compressive stresses were still in 
action,^ Apparently in the limited and isolated exposures in Idar 
we have a very early and a very late type, with the intermediate 


1 Mm. Qeol. Surv. Ind., XLIV, Pt. 1, p. 57, (1921). 

p. 61. 

79. 

p. 116. 

•/W.,pp. 19-21,126. 

’ Op. eU., LXra, Pfc. 1, p. 77, (1933). 
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linkuig variations absent, and here again, the clues being missing, 
Middlemiss could not but infer, on the evidence available to him, 
that the aplite and granite were of difEerent ages. 

The presence of quartz-porphyries and granite-porphyries of the 
Erinpura suite is a unique feature of Idar, not having been recorded 
elsewhere, and helped to mislead Middlemiss in correlating it with the 
Jalor and Siwana granites, which in Sirolii are associated with the 
almost contemporaneous porphyries of Malani age, 

9L Owing to Mr. W. D. West having to leave the Simla Hills to 
investigate the Quetta earthquake, he was able to devote only five 
weeks to his work in this area. This was 

* * *** spent entirely in the Nauti Jehad and on 

the southern slopes of the Shali mountain, north-east of Simla, 

on the one inch sheets 53 E/ t and E/8. Detailed work on the scale of 
two inches to one mile has brought out the great complexity of this 
area. 

The south side of the Shali range is a dip-slope of Shali limestone, 
overlain by the Shali quartzite, and this by the Madhan slates. 
Further south, on the south side of the Nauti Jehad, these rocks are 
overlain by the Chail series, which in turn dips south-west beneath 
the Simla slates of Simla, In addition, thin intermittent outcrops 
of Subathu beds arc found overlying the Madhan slates. The 

late Sir Henry Hayden first discovered these Tertiary beds, and 
further outcrops wcr(? subsequently found by the late Capt. R. W. 
Palmer, and others by Dr. G. E. Pilgrim. The detailed mapping of 
this area has now revealed that not only are the Subathu beds more 
extensive than was previously thought, but also that they are 
siuxjeeded around Katnol (31° 10': 77° 16') by Dagshai beds, 
consisting of carmine shales and purple and green sandstones. 

This is important, since it had hitherto been thought that 
Tertiary beds younger than Subathu were confined to the south 
side of the Barog boundary fault. 

Of special interest is the occurrence of a large outlier of the 
Chail series on the slopes of the Shali mountain north of the Nauti 
JeJiodt at and south-west of EatnoK This overlies all the other 
rocks, from Dagshai to Shali limestone, with ixiarked discordance, 
and testifies to the reality of the Chail thrust. It is evident that 
the Chail series once continued right over what is now the flba b 
mountain, and that the thrusting must have been post-Dagshai 
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Also of great interest are the complicated structures developed 
beneath the Chail thrust in the Shali limestone, Shali quartzite, and 
Madhan slates in the neighbourhood of Dharmpur (31° 10': 
77° 19'). These rocks are thrown into several flat recumbent 
folds, there being three main folds. The uppermost fold is itself 
composed of smaller folds. These folds are in most places separated 
from each other by very clear, nearly horizontal thrusts, which have 
cut out the middle limbs of the folds, and so caused the Shali quart¬ 
zite to overlie the Shali limestone, the two being highly crushed 
at the junction. In one place the Shali limestone, forming the 
core of the uppermost fold, has been squeezed out into a huge isolated 
lenticle. It seems likely that the recumbent folding and thrusting 
were directly induced by the Chail series as it travelled over the 
area from north to south. 

92. Mr. J. B. Auden spent most of the period from January to 
July in continuing the survey of the Himalayan foothills in the 
Dehra Dun district Jicighbourhood of Mussoorie. This work was 
and Tehri'tiarliwal interrupted in 1934 on account of his being 
State, United Province*, to examine the effects of the Biliar- 

Nepal earthquake. The area covered is included within one inch 
to the mile sheets 53 F/15 and 53 J/3, and half inch to the mile 
sheets 53 J/N. W. and 53 J/S. W. 

The Blaini-Krol-Tal succession is \ery well displayed in a syncline 
the axis of which passes through Bata Gad (30° 27': 78° 7'). The 
upper Krol limestones have been mapped to the south-east as far as 
hill 6482 (30° 17': 78° 16') on the south limb of the syncline and 

hill 7979 (30° 22'; 78° 18') on the north limb. East of longitude 

78° 7' the Blaini consists of two boulder beds separated by banded 
bleaching slates, of Infra-Krol type, and greyish quartzites. The 
upper boulder bed is associated with the pink magnesian lime¬ 
stone which is so typical of the Blaini in the Solon area. West of 

longitude 78° 7' the lower boulder bed is not found, since it is 

apparently overlapped by the upper boulder bed and limestone. 
Bie upper Krol limestones are mostly almost pure dolomites. At 
the top of the upper Tal quartzites between Ringalgarh (30° 21': 
78° 14') and Silla (30° 22': 78° 10' ) Mr. Auden found a dark 
shelly limestone full of broken lamellibranchs and brachiopods, 
which he r^iards as the same as the upper Tal limestone of Middlemiss, 
whiob was mapped east of the Ganges river in 1887. The thickness 
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of the Ulaini'Krol-Tal succession in sheet 63 J/3 is of the order of 
of 10,000 feet. 

Overlying the Tal rooks east of Dehra Dun occur two thrust 
units:—the Mandhalis, consisting of slates, quartzites, boulder beds 
and a sandy limestone strongly resembling the Bansa limestone, and 
a series of schistose phyllites which belong almost certainly to the 
Ohandpur series. In the western part of the thrust outlier, the 
Chaudpurs lie upon the Mandhalis, but to the east the Mandhalis, 
together with the Tal fossiliferous limestone, are cut out, and the 
Chandpurs rest directly upon upper Tal quartzites. The thrust 
unit of Chandpur schistose phyllites is well exposed on hill 6633 
(30® 22': 78° 11') and by Kujni (30° 20': 78° 16'). Mr. Auden states 
that there is no doubt about the thrust position of these rocks, now 
occurring as outliers, upon the Tals. The structure is the clearest 
that he has seen along the whole Krol belt so far mapped. The 
finding of a fossiliferous limestone overlain by schistose rocks near 
Dehra Dun almost completes the parallel between the succession 
mapped by Middlemiss in 1887 east of the Gauges and the succession 
worked out in the last five years west of the Ganges and Mr. Auden 
believes that a re-examination of the structure in Garhwal will 
establish the overthrust nature of the Inner Schistose series of 
Middlemiss, a suggestion which Middlemiss himself put forward but 
which ho rejected on the groimds of improbability.^ 

In sheets 53 F/14 and 63 F/15 the Blaini appears to lie uncon- 
formably upon the Nagthats and the Nagthats to cut across the 
Mandhalis and Chandpurs. It is possible that these are two uncon¬ 
formities and indicate considerable earth movement in late Pala¬ 
eozoic times. Mr. Auden suggests that the Chandpur phyllites 
should be separated from the Nagthat rocks, which are almost 
certainly the equivalents of the Jaunsar series near Simla, and should be 
regarded as a separate series. East of Dehra Dun there is an 
abrupt change in metamorphism from the Mandhalis, which are 
thrust upon the Tals, upwards to the overlying schistose phyllites 
of the Chandpurs, and it seems probable that these two formations 
are themselves separated by a thrust wliich is distinct from the 
thrust which has brought both of them to lie upon the Tals. 
Between Ealsi and Chakrata the Chandpurs similarly overlie the 
Mandhalis. Until the evidence was obtained this year east of Dehia 

* jRec. Oerf. awn. Jnd., XX, pp. 36, 37, (1887); LXVI, p. 470, (1033). 
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Dun, Mr. Auden had preferred to regard this succession as a normal 
one. Now, however, he believes it possible that a thrust may divide 
these formations between Kalsi and Chakrata. A difficulty at 
once arises, because the Chandpur-Mandhali boundary is apparently 
truncated by the unconformably overlying Nagthat beds, and, if this 
boundary is a thrust, it follows that the age of the thrusting must be 
pre-Nagthat. Orogenic movements of Palaeozoic age have not pre¬ 
viously been recognised in the Himalaya. Mr. Auden’s provisional 
explanation is that a pre-Nagthat thrust caused the superposition 
of the Cbandpurs upon the Mandhalis, while a Tertiary thrust has 
brought both these units to rest upon the Tals east of Dehra Dun. 

Mr. Auden draws attention to the similarity between the Tana- 
wals (Tanols) of Kashmir and the Nagthat beds. Both are continental 
formations, both show very varied degrees of metamorphism and 
both present anomalous relationf^hips with the formations surround¬ 
ing them. He suggests that the Palaeozoic unconformity emphas¬ 
ised by Mr. Wadia for the western part of Kashmir may have 
extended to the south-east as far as the leaver Himalaya by Dehra 
Dun, and that both Tanawals and Nogiliats may represent a con¬ 
tinental facies connected with late Palaeozoic earth movement along 
this zone.^ The magnitude of this movement is not at present 
known. Much depends on whether the bounihiry between the 
Mandhalis and the Chandpurs is really a tlirust and on whether this 
boundary is actually truncated by the Nagtlxat beds, as the mapping 
indicates. 


93. During OctoW and the early part of November, Mr. Auden 
spent a period of leave in a recoimaissance of the Gangotri noigh- 

Bhagirathl river and b^^rhood, Tehri Garhw^al State, examining 
Qangotri area, Tehri- portions of degree sheets 53 I, J and N. The 
Oarbwai State. route was from Mussoorie over the east 


shoulder of Nag Tibba and up the Bliagirathi valley as far as the 
snout of the Gangotri glacier. After mapping the snout of the 
glacier, Mr. Auden turned up the Kedarnath glacier to a height of 
16,000 feet. A return was made to Gangotri and the Rudagaira 
nafa was then followed up as far as the glacier field, after which a 
height of 19,000 feet was reached on one of the Gangotri peaks lying 
to the west. Finally the Nela valley was ascended to about 12,000 
feet The rocks encountered along the Bhagirathi valley as far as 


« Jtm. Ind.. LXVm, p. 144. (1934). 
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Sini (30° 46': 78° 35') consist of three groups in the following appa¬ 
rent sequence :— top, schistose phyllites, resembling the Chandpurs; 
a thick series of quartzites; bottom, limestones and slates. The 
quartzites are well exposed from longitude 78° 30' eastwards to 
Sini, and show a striking resemblance to those seen at Obamoli 
(30° 24': 79° 20') in 1932. Along this part of the valley, as along 
the Alaknanda, there are extensive intrusions of basic rocks, now in 
the condition of epidiorites. Still farther north-east these are 
converted into hornblende-schists. 

After Sini there is an abrupt change from sheared quartzites to 
the overlying schists and gneisses. These crop out along the whole 
length of the Bhagirathi river as far as to two miles east of Dhandi 
(31° 03': 78° 50'), in a series with monotonous north-easterly dips. 
The peaks Kedarnath and Gangotri are built up of para-gneisses and 
schists. There is a great variety of rock types, of which the following 
are the most prominentbiotite-granulite with pin-head garnets; 
biotite-schist; kyanite-schist; garnet-actinolite-zoisite-granulite, 
sometimes with free calcite; garnet-chlorite-schist. The parent 
rocks were shales, shaly sandstones, calcareous shales and grits. 
Free calcite is not common, and the suite is decidedly leas calcareous 
than the calciphyres cropping out between Badrinath and Mana. 
These metamorphosed sediments are followed northwards by intru¬ 
sive granite. The boundary is distinct and runs from about 30° 
52': 79° 3' up the Kedarnath glacier, through the Kudagaira mla 
at 30° 57': 78° 66', the Bhagirathi river two miles east of Dharali, 
to the Nela valley about two miles north of Harsil. This granite 
forms the peaks of Satopanth, and is the same as that seen in the 
Arwa valley in 1932. It is extremely variable, being in the region 
about Gaumrikh (30° 55': 79° 7') and the Kedarnath glacier 
strikingly toiurmaline-bearing, to the exclusion of biotite, but passing 
westward to tourmaline-muscovite granite, and, by Har^, to 
biotite-muscovite granite. It is often porphyritic, and sometimes 
gneissic, the phenocrysts being drawn out into augm. The quartz 
is sometimes in granular patches and the granite has in places been 
highly sheared. Thus the boundary between the granite and the 
overlying metamorphics at a height of 10,300 feet up the Kela 
valley is marked by a zone of schistose and mylonitised granite 130 
feet in width (measured at right angles to the contact), Mr. Auden 
suggests lhat the granite wM intruded Befois at least &e final earth 
movements and was either j^teotonio or B7n-teot(»i0. The granite 
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has given off an extensive series of pegmatites and aplites which are 
intrusive into the underlying metamorphios. The pegmatites nor¬ 
mally bear tourmaline, and garnet is not an infrequent constituent. 
He comments also on the richness of some of the Nagthat arkoses in 
the Mussoorie area in microperthitic felspar and on the fact that 
microperthite is common in the Gangotri granites, and remarks that 
there is some measure of support for the idea of a Palaeozoic age for 
these granites. The peaks on the north-east side of the Bhagirathi 
valley between Gangotri temple and Gaumukh consist of roof- 
pendants of dark metamorphic rocks floating upon granite. 

94. During the field-season 1934-35, Mr. H. M. Lahiri, in contin¬ 
uation of his previous work, mapped portions of sheets 53A/1 and 
A/2, lying in the Kangra and the Hoshiarpur 
an5‘Tmbair**dftte districts, and portions of 53A/16, B/9, B/13 
and Patiala, Nalagarh and B/14, situated partly in the Ambala dis- 
State*, partly in the Patiala, Nalagarh and 

Mailog States. 

The geological formations met with are, in ascending order, the 
Nahan or Lower Siwalik, the Middle Siwalik, the Upper Siwalik 
(including the Pinjors,^ boulder conglomerates and tlmi beds) and 
ftub-Recent and Recent deposits. 

The lithology of the various formations is in general the same as 
noted for them in previous reports. 

The hills adjacent to the Pinjaur (Pinjor) dun from Kalka (30° 
60': 76° 66', 53B/13) north-westwards through Nalagarh (31° 2': 
76° 44', 53A/12) consist of alternations of sandstones and clays, the 
latter preponderating over the sandstones in the lower beds. These 
lower beds, which are well seen on the faces of the clifTs that rise 
abruptly from the dun, exhibit a characteristic banded appearance 
due to the presence of yellow and purple clay bandings in the reddisli 
brown clays. While working in the Nalagarh area in field-season 
1933-34, Mr. Lahiri had mapped these strata as Dagshai, following 
Dr. Pilgrim’s unpublished maps of the area. Having, however, 
since seen the Dagshai formation in its type-locality, he is now of 
opinion that the Kalka and Nalagarh beds are not Dagshai as thouglit 
by Dr, Pilgrim, but Nahan, Dr. Heron agrees with him, as during 
the Puja holidays he made a tour of the type se(*tions and the 
disputed beds in question {see pages 19 to 22). 

\ name is now spelt Pinjaur on the topographical maps, (3()“47': 
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StructuraDy, the portion of the Siwalik rango lying in the north¬ 
western quarter of sheet 63A/2 is an anticline of Upper Siwalik rooks 
which is followed on the north-east by a flat syncline of dun deposits 
occupying the valley of the Soan river. The almost horizontally 
disposed dun beds are faulted, on the north-east, against disturbed 
Finjor rocks (with a few inliers of Middle Siwalik) that occur on the 
south-west fringe of the Bharwain (31° 48': 76° 8', 68A/1) range. 
This fault is the north-westerly continuation of the Satlitta fault 
noted in the Director’s General Report for 1933.^ The crestal 
region of the Bharwain range and a large part of its north-east 
flank are occupied by thick Upper Siwalik boulder conglomerates 
which dip at low angles in a general north-easterly direction. For 
the greater part of the Beas-Banganga valley in 63A/1, the solid 
geology is concealed under a thick mantle of sub-Recent boulder- 
beds and Recent alluvium, but there is sufficient evidence to indicate 
that this valley, in its northen: part, coincides roughly with the 
axial region of an asymmetric syncline of Upper Siwalik beds. This 
syncline is succeeded north-eastwards by a south-east pitching 
anticline of which the core is formed by Nahan rocks constituting 
the Managarh (31° 66': 76° 13') ridge, the fold being in the same 
tectonic line as the Sola Singhee flexure of 53A/6 and A/6. The 
ridge with peak 2301 north-east of the Managarh ridge also consists 
of Nahan beds which are overlain by Middle Siwalik strata with 
north-easterly dips. Between the Managarh ridge and that to its 
north-east is a highly compressed syncline of Middle Siwalik beds, 
the junction of which with the Nahans on cither side is partly normal 
but partly a faulted one. 

The portion of the Pinjaur dun lying between the Ambala-Kalka 
railway line and Nalagarh in sheets 53A/12, A/16 and B/13 consists 
of almost horizontally disposed boulder-beds and clays which are 
seen to pass quite conformably downwards into the Upper Siwalik 
boulder-beds in the area to the south of Pinjaur (30° 47': 76° 66' 
53B/13). West of Pinjaur, however, the dun beds are in faulted 
intact with the Pinjor strata of the Siwalik range, the fault, whidi 
is of the ovorthrust type, running north-westwards along the south¬ 
west fringe of the dun until it dies out west of Nalagarh, The math- 
eastern limit of the dun is marked by another prominent thrust- 
fault which has brought the Nahan beds forming the and 

»jSec. *r»v. LXVIH, p. fl7, (1934J. 
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Nalagaxh hills into juxtaposition with the dun deposits on the south¬ 
west. Mr. Lahiri notes that the Nahan sandstones occurring in 
close proximity to the fault are, as a rule, slickensided and hrecciated. 

Mr. Lahiri also visited, during the season, the type-areas of the 
Di^shai, KasauU and the Nahan formations to compare sections. 

The stratigraphical zones occurring near Nahan (30° 34': 77° 
17', 53F/6) are separated from each other by 
Nahan State, Punjab, arranged, from north to south, in 

the following order :— 

(N). 

Bubathu 

- Faidt, 

Nahan 

-- Fault. 

Upper Siwalik boulder conglomerates. 

- Fault. 

Upper Siwalik Pinjor beds. 

(S). 

Mr. Lahiri notes that the faults separating the Upper Siwalik 
boulder conglomerates from the Nahans on the one hand and the 
Pinjors on the other are both of the type of thrust-faults like those 
noticed on either edge of the Pinjor dun in 63B/13. 

The Siwalik beds examined by Mr. Lahiri during the season 
yielded fragmentary and ill-preserved vertebrate fossils at places, 
but near Basaw i (30° 49': 76° 52', 53B/13) he obtained several 
well-preserved specimens belonging, amongst others, to the Elephan- 
tidoB, Hippopotamidoe and the Bovidtp. 

95. Mr. P. N. Mukerjee mapped portions of the (1) Thasra and 
Kapadvanj talukae of the Kaira district, (2) Parantij tahiha and 

V.I.. .^A Modasa mahal of the Ahmedabad district, (3) 

abad districti, and Mahi Mahi Kantha States of Malpur, Idar, Kana- 
Kantha States, Bombaj'. Mohanpur, Ilol and Derol. 

The ground surveyed is included in standard sheets 46 A/14, 
B/2. 6, B/3, 7, E/4, 8, E/ll, 16, F/1, 5. 

The geological formations of the area are the Aravallis with 
intrusive granites (Erinpura?), the Lametas, the Ahmednagar sand¬ 
stones, the Deccan trap and Beoent and sub-Kecent alluvial soils. 

The Aravallis consist of phyllitic schists often associated with 
fine to coarse-grmned pink and grey quartzites. The Aravalli quait- 

bends constitute some of the main hill ranges in the area, 
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forming a series of parallel strike ridges running persistently over 
several miles with a general E.N.E.-W.S.W. direction, the beds 
being either very steeply inclined or vertical. An extensive ex¬ 
posure of the ij-avalli phyllites and quartzites has been mapped 
east and south-east of Modasa (73*^ 20^: 23° 28'). This has been 
followed well into the Idar State and found to be continuous with 
the ‘ Phyllite Series ’ mapped by Middlemiss. The general charac¬ 
ter and association of the ‘ Phyllite Series ‘ are identical with those 
of the Aravallis mapped in the neighbouring areas. The strike of 
these phyllites and the associated quartzite beds is N.N.E.-S.S.W. 
Thus these argillaceous and arenaceous metamorphics join up with 
the Aravallis mapped by Dr. A. M. Heron and Mr, B. C. Gupta 
in the north and eavst of the area as well as with the ‘ Transitions * 
of Kishen Singh in the south. 

The principal intrusive in the Aravallis Ls a massive form of 
granite, weathering into monolithic masses and ovoid bodies. The 
granite occurs in patchy outcrops forming rocky mounds and * tors \ 
The granite is sometimes foliated and shows banded structure, being 
often associated with aplitic veins. It varies in texture from ooaise 
to medium and fine-grained types, varying in colour from milk-white 
to pink-grey and contains quartz, felspar and biotite mica as its 
essential constituents. 

It is believed to be the same as the Erinpura granite of Raj- 
putana. 

An outcrop of the Lameta formation has been mapped south of 
Gabat village (73° 23': 23° 15'), a portion of which was mapped 
by Kishen Singh as ‘ Vindhyan The formation is a typical 
Lameta rock consisting of gritty siliceous limestone, weathering 
grey, well jointed and almost horizontal. 

Early in 1860, Kishen Singh mapped a few disconnected patchy 
outcrops of coarse-grained gritty sandstones, varying in colour from 
white to pink and dark red or chocolate brown, as ‘ Vindhyans \ 
These rocks appear, however, to be identical with the Ahmednagar 
sandstones mapped by Middlemiss in the Idar State. The Ahmed¬ 
nagar sandstones are often associated with highly ferruginous shales 
and clays (see also pages 28 and 29). 

A few outcrops of dark-coloured basalts have been found 
in the area, outliers of the Deccan trap mapped by Messrs. 
Kishen Singh and B. C. Gupta. The trap is vesicular, and is charao- 
^sed by spheroidal withering. 
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Po 8 t-Tertiar 7 (Recent and sub-Recent) deposits of sail, alluvium, 
and hamkar iiregularly overlie the AravalUs and the youuger forma* 
iaons of the area. 


Southern Circle. 


96. During the field season 1934-35 the officers working in the 
Southern Circle were Dr. C. S. Fox (in charge; Assam), Mr. H. 

„ , Crookshank (Central Provinces and Madras), 

Mr. W. D. West (Central Provinces), Dr. 
P. K. Ghost (Central Provinces), Mr. D. S. Bhattacharji (Central 
Provinces), Dr. A. K. Dey (Bihar and Orissa), and Mr. A. M. N. 
Ghosh (Assam). Dr. A. L. Coulson took over charge of the 
Circle in the recess period until Mr. Crookshank’s return from 
leave (from 18th September to 16th November, 1935). 

97. After returning from leave, from Abyssinia, in November 
1934, and assisting in the preparation of the Quinquennial Review 

during December, Dr. C. S. Fox proceeded 
JalnUa^Hills!^^*** border of Sylhet and the Khasi Hills 

to initiate Mr. A. M. N. Ghosh in tjie geology 
of the Shillong plateau. Dr. Fox stayed with Mr. Ghosh until the 
end of January in the area about Therria Ghat and then left 
him to investigate the relationship of the Cretaceous and overlying 
Eocene strata. Last season^ Dr. Fox had come to the conclusion 
that the Cherra sandstones, together with the so-called Cretaceous 
coal of Mawbelarkar, were of Tertiary age and related to the over- 
lying Sylhet limestone and consequently distinct from the true 
fossiliferous Cretaceous of Therria Ghat. He had indicated certain 
strata below the Sylhet limestone and above the Cretaceous sand¬ 
stone of Therria Ghat as being the possible equivalent of the Cherra 
sandstone. He therefore left Mr. Ghosh to settle the question and 
to confirm what Dr. Fox had already found, that the Cherra sand¬ 
stone was unconformable to the underlying Cretaceous and conform¬ 
able with the Eocene beds above. These details are dealt with in 
the following summary of Mr, Ghosh’s work. They confirm Dr. 
Fox’s opinions and he will discuss the stratigraphy of the 


^ .®ec, Qeoh Burt\ LXIX, p. 82, (1935). 
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Assam Tertiarics in his memoir on the Tertiary and Mesossoic coal¬ 
fields now in preparation. 

98. After leaving Mr. Ghosh at Therria Ghat, Dr. Fox travelled 
to Shillong Sylhet and the new motor road via Jaintiapur, 
Dawki and Laitl 3 nikot, and then proceeded 
fltro Hills. Damra, where he resumed his survey of 

the Garo Hills. He mapped southward from Damra (26'=’ 66': 
90° 47'; sheet 78 K/NE, two miles to one inch) up the Dudnai 
valley to its watershed about Dambu (26° 40': 90° 60'). He then 
connected westward with his earlier survey near Songsak (28° 38': 
90° 37') before continuing down the valley of the Eongtham to the 
Simsang about Chimagiri (25° 28': 90° 41') and into the so-called 
Daranggiri coalfield. Throughout the traverse southward from 
Damra, gneissic rocks are seen up to the Simsang. They liave a folia¬ 
tion which trends roughly north and south with dips both east and 
west at high and low angles. The strike may vary from north-east 
to north-west, but this is clearly due to buckling and folding. The 
gneisses include veins and lenticles of pegmatitic material, which in 
some places is greatly contorted without itself developing a gneissic 
structure. With the gneisses must also be included some ‘ green¬ 
stones ’, possibly epidiorites, though now found as hornblende- 
schists and gneiss. East of the Eongtham stream near Dobu 
(25° 33': 90° 42') there, are magnetite-quartzite rocks which at 
first suggest the Iron-ore series of Singhbhum. These curious rocks 
were found again west of Chimagiri and appear to have been folded 
in with the gneisses. It is possible that they remain in such isolated 
positions partly owing to faulting. 

Kaolinised gneisses and thick deposits of kaolin are seen in the 
valley of the Eongtham from near Naringgiri (26° 37': 90° 42') 
southward. They are well developed in the valley south-east of 
Dobu and further south. They correspond with the same horizon, 
at the base of the Assam Tertiaries, around Tura and elsewhere in 
the Garo Hills. Tliey are never pierced by the dolerite dykes which 
Dr. Fox has also noted in the gneissic areas in the Garo Hill s, Many 
such dykes were encountered between Damra and the Himgntig and 
are regarded by him as of the same age as the Sylhet trap, i.e., 
possibly the same as the Eajmahal traps. Practically all the stone 
celts which are so common in the Garo Hills are made of this Meso¬ 
zoic doleritic basalt. Under the microsoope it is almost indis¬ 
tinguishable from Deccan trap. In some cases it occurs as stroi^ 
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dykes, but in numerous exposures it is found as sill-like intrusion 
in the gneisses, and ometimes with inclusions of gneiss. Dr. Fox 
noted in a case near Singrimari that this doleritic material had also 
undergone kaolinisatio , and he had previously regarded this kao- 
linisation as contemporaneous with a period of latmtisation at the 
dawn of the Tertiary era in India (see pa>:e 31). 

The kaolin beds in the llongtharn near Nengkhra Agalgiri (25^ 
31': 90® 42') are covered with clays and sandstones and a thin seam 
of lignitic material. South of the Simsang from Cliimagiri these 
beds arc well seen with easterly dips which bring in the Eocene coal 
measures of the Darangfield so clearly exposed at Darang Kong- 
muthiipathal (25® 27': 90® 42'; sheet 78 K/SE). Here 

the seam is quite six feet thick and is of good quality. The coal 
horizon dips eastward and so is missing to the west at Darang 
Boldakgithim, where the gneisses show up from under the kaolin 
horizon. How^ever, the kaolin and the coal bed occur on the high 
ground east of the Simsang above Kongbinggiri (25® 29': 90® 37'), 
and this village stands on higher Tertiary strata containing marine 
fossils which indicate their equiv<dence with the Sylhet limestone 
stage, A strong north by east fault throwing westwards brings in 
these Lower Tertiary marine, beds—1 rgeiy impure limestriies and 
shales, like those of Damalgiri w'ost of Tura—in the upper valley of 
the Simsang. Tlx* kaolin beds and coal-bearing horizon reappear 
from beneath these marine strata near the Forest Camp above Kong- 
renggiri, but in this vicinity the coal vseams encountered are thin 
and worthless, so far as Dr. Fox’s observations have allow^ed an 
opinion to be formed. 

Although these Tertiary formations—from the kaolin zone at the 
base, to the impure nummulitic limestones above—lie in the upper 
valley of the Simsang, they do not occur on the high ground to the 
south or north. The Tura range separates them from the main 
outcrop of Tertiary strata which form an apron to the Assam range 
from beyond Shillong to the spurs towards the Brahmaputra south 
of Dhubri. In Dr. Fox’s opinion tliese rocics, whicli form part of 
the so-called Daranggiri and Rongrenggiri coalfields, have been 
faulted down within the Assam range itself, and must therefore have 
covered the Tura range and had a northward extension almost to 
what is now the Brahmaputra valley of Assam. The kaolin of 
Naiinggiii found this season and the exposures about Songsak and 
further mnrth^west found previously by Dr. Fox support this view. 

02 
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It simply means that the Eocene sea must have extended practically 
over the whole Shillong plateau at the time the Sylhet limestone 
was laid down. 

Dr. Fox is of the opinion that at the close of the Cretaceous 
period, land did exist on what is now the Shillong plateau, but that 
subsidence was in progress. During this epoch laterite-forming 
and kaolin-forming conditions existed on the land. Ultimately the 
Eocene period saw the submergence of the land and the deposition, 
first, probably under marshy conditions, of the coal measures and 
the kaolin, then of the limestones of Siju, and later of the shales, etc., 
of Rewak. These three stages correspond roughly with the Cherra 
stage of Cherrapunji, the Sylhet limestones of Therria Ghat and the 
Kopili beds of the geologists of the Burmah Oil Company. They 
are all of Lower Tertiary age. 

99. During the first half of his stay in the Khasi Hills, Mr. A. M. N. 
Ghosh devoted his attention to the rocks of the southern area lying 
Khasi Hills between Nongiri (26® 12': 9P 48') on the east 

and Shelia (25^^ 11': 91° 39') on the west. 
Later he ascended the main plateau and proceeded through Cherra¬ 
punji (25° 17': 91° 44') and Sohrarim (25° 21': 91° 45') to Lait- 
lyngkot (26° 27': 91° 50') where he closed camp about the middle 
of May. The area is included in Survey of India sheets 78 0/11, 
12, 15 and 10, 

In the course of his field-work, Mr. Ghosh made out the following 
succession of rocks :— 


Low-level alluvium .... 

High-level gravels .... 

Sandstone and shale with earthy liznostone 

Nummulitic and Alveolina limestones . 

Cherra sandstone and its equivalent . • , , 

Earthy limestone, calcareous shale, massive sand8t<>ne 
and conglomerate 
Sylhet trap 
Shillong series 


I Eeoent to sub-Reoent 

Upper and Middle Ter¬ 
tiary. 

I liOwer Tertiary 


Cretaceous. 

T Jurassic. 
Pre-Cambrian. 


{OranUe and epidiortie intriuiva into «e rocka of the Stattong nritt.) 


Tertiary rocks are found in the outer foothills south 
of tte Cherra plateau and consist of fine-grained soft, greenish gwr 
sandstones with subordinate shale bands. These beds have at th«r 
base a foruginous ‘ pudding-stone ’ (?)—a weathered fosdlifezous 
band showing occasional casts of gastropods. It rests upon a thiok 
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band of shales canying intercalations of thin, earthy limestone iich 
in Disoocyclma {Orthophragmim) and other foram^era. 

This Buccesaion of beds is underlain by an alternation of lime¬ 
stones and sandstones attaining a very complete development on 
the eastern bank of the river at Therria Ghat. There are four lime¬ 
stone bands separated by sandstones of variable thicknesses. Tlie 
uppermost limestone is mostly built up of large and medium si/ed 
NummuliteSy the next lower one is an Alveolina limestonf*, wln’lc the 
third limestone band shows sections of gastropods and tiii\’ fora- 
minifera. The fourth or the lowest limestone is practically devoid 
of fossils. Mr. Ghosh suggests that the name ‘ Sylhet limestone ’ 
should be used to indicate the three upper fossiliferous limestone 
bands, together with the interbedded sandstones. The lowest lime¬ 
stone is separated from the beds of the Sylhet limestone by a con¬ 
siderable thickness of plant-bearing sandstone in the Therria mla 
and itself grades downwards into an earthy limestone and calcareous 
shales. Mr. Ghosh considers the plant-bearing sandstone, together 
with the underlying pure limestone, to be the equivalent, in the 
southern area, of the Cherra beds of the main plateau. There seems 
to be a substitution of the calcareous facies of the southern area by 
an arenaceous facies as the beds are traced northwards from Therria 
Ghat to Cherrapunji. 

Tlie impure earthy limestone and calcareoiis shales that follow 
yielded, in the neighbourhoods of Nongiri and Mahadek (25'^ 13': 
91° 44'), several Cretaceous ammonites and other fossils. Jn the 
opinion of Mr. Ghosh, they form the highest beds of the Cretaceous 
series both on the Cherra plateau and in the southern area. They 
are underlain by a soft, ochreous, fossiliferous, earthy sandstone 
and a massive sandstone of considerable thickness, the upper part of 
which is rich in fossils. In the Urn Niuh, north of Barpunji Bazar 
(26° ir: 91° 49'), the sandstone passes downwards into a ferru¬ 
ginous, calcareous sandstone having pockets of a coral limestone 
and a conglomeratic shell limestone at base resting on an ash bod 
of the Sylhet trap. This lower horizon yielded several bivalves, 
including Protocardium and a giant Inoceramus, and several brachio- 
pods and ammonites. It appears that the lower band is represented 
on the Cherra plateau by the basal conglomerate north of Sohrarim. 

As a result of his field work between Cherrapunji and Mawbeh- 
larkar (26° 24'; 91° 46') Mr. Ghosh arrives at the conclusion that the 
Oh^zxa sandstone ov^:steps all the fossiliferous Cretaceous beds and 
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rests directly on the basal sandstone and conglomerate near Maw- 
behlarkar. The same opinion was expressed by Dr. Fox in last 
year’s General Report. It would be in accordance with field evidence 
to group the Chorra sandstone with the overlying beds of the Sylhet 
limestone stage, there being no visible sign of any physical break. 

During the last few weeks of his stay in the Khasi Hills, Mr. Ghosh 
had an opportunity of working in the metamorphic and intrusive 
rocks of the Shillong plateau. Mr. Ghosh found that the quartzites 
of the Shillong series were intruded by an epidiorite (the Khasi 
greenstone of Medlicott) first and later by a granite (Mylliem granite). 

100. Dr. A. K. I)ey was the only officer working in Bihar and 
Orissa and Bengal during the field season 1934-35. 

He mapped, in continuation of his previous season’s work, por¬ 
tions of the Midnapore, Baiikura and Manbhum districts lying in 
sheet 73 J/9. The geological formations of 
Midnapore and Ban- the area are in ascending order (1) the Iron-ore 
S* Manbhum feci; interbeddcd lava flows and sills, 

Bihar and Orissa. ' (2) intrusive granitic rocks and (3) the Newer 
Dolerite dykes. 

The mica-schists of the Iron-ore series around Bagdiha (22^ 51^: 
86° 43^) contain intercalated bands of calc-granulite composed of 
quartz, microcline, plagioclase, diopside, tremolitc, hornblende, 
sphene and iion-ore. To the south of Kuilapal (22° 60': 86° 38'), 
the mica-schists have been intruded by an elliptical mass of granite 
which lias produced lit-par-lit injection along the margins. In the 
north, the granitic rocks exhibit various degrees of metamorphism 
ranging from massive granular rocks to banded gneisses. Inclusions 
of older metamorphic rocks, consisting of epidiorite, hornblende-, 
chlorite-, talc-, and mica-schists, occur throughout the granitic 
regions. Jn the north-eastern part there are numerous small, dyke 
like bodies of altered basic rocks bearing a petrological resemblance 
to the Newer Dolerites. 

Silicified fault-breccias are s<?en in a number of places in the 
raica-schist and gianite-gneiss, indicating post-granite faulting. 

101, During the field s<*ason Mr, Grookshank continued his map¬ 
ping in Bastar aud Jeypore. He completed sheet 65 F/J6 begun in 

Bastar State, Central previous year, and mapped portions of 
Provinces and Jeypore sheets 66 F/ll, ], and 5. In addition he 
examined fossil locaUties at Deotban, Khairi, 
and Budhimai on sheet 66 F/7. 
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The rooks mapped were as follows!— 

Beoent. High level laterite* 

Unconformity. 


Parana. 


? Cuddapahs. 


Shales, phyllites, slates and schi ■({ « 
Limestones. 

Quartzites. 

Unconformily. 


Greenstones 


Arcbaeaus 


. < Bailadila series 


Bongjuil serums 


Dolerite. 

Charnockite. 

{ Metamorphosed basalts. 

Epidiorites. 

Granite and pegmatite. 

^Banded hematite-quartzites, and iron- 
ores. 

Banded hematite-chlorite and hematite- 
grunerite rocks. 

.•i Earthy and chloritic hematites and 
ferruginous shales. 

Brecciated ferruginous schists and ferru¬ 
ginous conglomerates. 

White quartzite. 

Granitic gneisses with associated pegma¬ 
tites and hornblende-schists, injoction- 
giieisBes. 

fAndalusite -gnoisscis, -schists, -slated, 

1 -sandstones. 

iSericitic and massive quartzites, quartz-, 
thlonto* and mica-schists, homatite- 
antl magiietite-quartz-bchislb. 

Banded griinerite-quartzites. 


The arrangement i.s as far as possible in chronologif^al order with 
the youngest rock at the top of the list, but in many cases the ages 
of the various rocks are still uncertain. Tlie designations ‘ Bailadila 
series * and ‘ Bengpal series ’ are local terms and may prove in the 
future to be merely temporary, as it may be possible to correlate 
them with some of the well-known divisions of the Peninsular 
Archfeans. 

High level laterite covers the top of the Bailadila ridge. Asso¬ 
ciated with it are pisolitic laterites and litJ]t)marges suggestiiig the 
possible occurrence of bauxite beneath the ferruginous surface of 
the laterite. 

The most interesting point in connection with the Cuddapahs is 
that their south-eastern boundary is a straight line, and therefore 
probably a fault. The western boundary is very irregular, and pro¬ 
bably approximates to a boundary of deposition. 
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Dolerite and epidiorite dykes have been found together in the 
same area. It is concluded that they belong to two distinct periods. 

Numerous outliers of chamockite were noted east of Malakangiri 
and in other places in the gneissie region west of the main chamockite 
area. As similar outliers liave betui reported by all previous workers 
in the region west of the Eastern Ghats it is concluded that they are 
a normal feature along the margin of the charnockites. 

Epidiorites and metamorphosed basalts occur in many places, 
but especially on sheets 05 ¥j5 and 1. The latter overlie the Beng- 
pals and gneisses with marked unconformity. They were also seen 
in contact with the Bailadila series, and it was provisionally con¬ 
cluded that they overlie these with unconformity also. Some of 
the epidiorites are undoubtedly intrusive in the basalts. 

The Bailadila series, a local name for the Iron-ore series of southern 
Bastar, is very well represented in the Bailadila range. Here it 
seems to overlie the Bengpals, and underlie the basalts with uncon¬ 
formity. It is thought, however, that the evidence for these two 
unconformities is as yet inconclusive. 

The granites and gneisses have been divided into the following 
three sub-divisions:— 

(1) Newer granites and pegmatites, which appear to have escaped 

all folding and are little metamorphosed. 

(2) Granitic gneisses, which appear to have been folded along 

with the sedimentary series. 

(3) Injection gneisses of uncertain age and origin. Hill ranges 

of metamorphosed sedimentary rocks occur in all the 
field sheets mapped. With the exception of the Baila¬ 
dila series all have been mapped as Bongpal on account 
of their lithological similarities. 

An attempt has been made to separate the Bengpals into two 
stages, the younger of which is markedly aluminous, and charac¬ 
terised by the presence of andalusite, while the older is siliceous. 
This seems to work well in practice, though whether the differences 
observed represent a true change in the nature of the sedimenta¬ 
tion, or merely reflect variations in the local conditions of xneta- 
morphism, is still uncertain. 

Numerous occurrences of banded grilnerite-quartxite were noted. 
Where weathered these are sometixnes strongly manganiferous* 
They usually occur close to the margin of the Bengpals and the 
ortlrngneisses. 
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102. Dr. P. K. Ghosh completed the mapping of the boundaries 
of the Cuddapah outlier, discovered by him during the previous 

Bastar State field-season, on the one-inch sheet 65 F/10, 

Bastar State, and also subdivided and mapped 
the different members of the Cuddapahs occurring in this basin. 

According to him, the area under investigation was subjected 
to at least two compressional movements, viz., an earlier one, which 
affected the country during post-Archsean but pre-Cuddapali times, 
operating from the south-west, and a later one, post-Cuddapah in 
age, but operating from the south-east. He also ol)serves that the 
Archseans during the former period of compression yielded mainly 
by flowage and folding; whereas at the time of the subsequent 
disturbance, they behaved as a fairly rigid mass and readjusted 
themselves to the new conditions by essentially vortical mo^^ements 
along pianos of fracture. The Cuddapahs, forming as they do but 
a thin covering on the underlying Archioans, while generally sharing 
in these • vertical movememts, show in jdaces, particularly near the 
marginal regions of the basins, the usual signs of disturbances pro¬ 
duced by lateral compression, viz., folding, crumpling and schistosity. 

103. During February, March and the first week of April, 
Mr. W. D. West continued the detailed mapping of the Sausar series 

on sheet 55 0/6, in the Nagpur and Chhind- 

Nagpur and Chhind- \\ara districts. The work was confined mainly 
wara districts, t. P. , ,, ^ 4. r .l 

to the north-west quarter of the sheet. 

Th(* mapping of th(‘ north-west end of the Deolapar ruippe was 
first completed. While it is quitt^ clear that this end of the nappe 
pitches north-west into the air, the exact manner in which it finishes 
is difficult to determine, owing to abundant intrusions of granite and 
pegmatite, which have replaced the sedimentary succession. 

To the north of this nappe is a large area of orthogneisses. In 
the midst of these gneisses a band of tlie Sausar series was unexpect¬ 
edly found extending from one mile south of hill 1652 (21*^ 40': 
79® 16') for about two and a half miles in an east by south direction, 
where it finally thins out in the orthogneisscs and pegmatites. It 
consists of the Kadbikhcra, Utekata and Lohangi stages. It is 
possible that certain traces of the latter two stages, which had been 
found during the previous field season within the orthogneisses 
furtihier south-east, are relics of this band. The band is to be 
regarded as a remnant of the northern limb of an anticline, the 
southern limb of which runs through Kadbikhera (21® 37': 79® 21'). 
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In the north-west comer of the sheet, the rocks consist in the 
main of pink and grey orthogneisses, with thin bands of the Bichna 
(dolomitio marbles) and Chorbaoli (quartzites) stages. Associated 
with the pink gneisses there occur abundant dykes of pink aplite, 
and the two are clearly genetically related. This association of 
massive pink orthogneisses and aplites in the northern half of the 
sheet may be contrasted with the association of streaky ortho¬ 
gneisses and pegmatite dykes in the southern half of the sheet. 

In the extreme north-west corner of the sheet the higher hills are 
capped with a flow of Deccan trap, overlain by laterite. The base 
of the trap is at 1,830 feet. One. or two dykes of trap occur to the 
cast of this flow on the lower ground. 

At about a mile north-east of Khawasa (21^^ 42': 79° 26') a thin 
bed of sillimanite-quartz-schist was traced for about a mile and a 
half along the strike. Since it occurs in the midst of orthogneisses, 
its horizon in the Sausar series is not known. Although in places 
it is almost pure sillimanite, for the most part the quarts is too 
abundant for the bed to be of economic value. 

The completion of the detailed mapping of this sheet, which has 
mostly been done on the scale of four inches to one mile, is now 
within sight, and only about six or seven wrecks work remains to be 
done. The mapping has necessarily been slow, since the stages of 
the Sausar series are often thin and impersistent, the jungle is thick, 
and the alluvium and soil cap, which obscure so' much of the softer 
members of the series, has had to be mapped separately. It is 
difficult to see how mapping under such conditions, if it is to be of 
any real value, can be expedited, but it is hoped that when this 
sheet has been completed, the detailed knowledge thus gained may, 
with judituous grouping of certain stages, enable the adjacent 
country to be mapped at greater speed, though necessarily in less 
detail. 


104. Mr. 1). Bhattacharji continued his systematic mapping in 
the Bhandara district and in the feudatory States of Nandgaon and 
Blundarffdlrtrlct and ^^^^airagarh. He completed the Bouthem por- 


Naudgaon and Khaira- 
garb Statea, C. P. 


tion of the sheet 64 C/8, the whole of the sheet 
64 C/12 with the exception of small areas near 


the north-west and south-east comets, the north-western half of sheet 


64 C/16 and small portions of sheets 64 C/ll and 64 G/15. A large 
portion of the ground had not been mapped previously, while the 
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rest was rather roughly surveyed by P. N. Datta in 1904-7 and 
W. Kingi in 1883-5. 

Mr. Bhattaoharji draws attention to the following features in 
regard to the area examined by him in the Bhandara and adjacent 
areas:— 

(A) The trend of the rocks in the surrounding regions— 

(1) the strike of the rocks in the Eastern Ghats, etc.; 

(2) the grain of the rocks down the Godaveri; and 

(3) the foliation of the rocks in the Satpuras. 

These rocks are disposed roughly on three sides of a triangle, 
the central triangular area being Bhandara. 

(B) Within the main Bhandara triangle there is abundant field 
evidence that the main .structural features— 

(1) lines of quartz veins ; 

(2) direction of foliation ; or 

(3) disposal of intrusions, 

are roughly parallel with the trend lines of the .areas enclosing 
Bhandara—i.e., they have three chief directions-—(1) roughly N.-S.: 
(2) generally W. N. W. and (3) approximately E. N. E. In short 
the rocks of Bhandara have, in a horizontal plane, three cleavages 
or foliation directions roughly at 60*^ to each other and these 
have given rise to smaller triangular structural areas. 

(C) Almost every hand specimen of rock within Bhandara wlien 
either macroscopically or microscopically studied reveals this tiian- 
gular aspect of structures— 

(1) the arrangement of the minerals is along three main direc¬ 

tions roughly at 00'^ for foliated rocks; or 

(2) similarly disposed in those rocks which are recrystallised. 
From these observations Mr. Bhattacharji draws s(3veral con¬ 
clusions, the most important of which are— 

I, That the pressures which induced the orographic axes in 
the Eastern Ghats, the Satpuras and the Godaveri valley, 
have affected the rocks iu Bhandara even down to their 
microscopic texture. 

11. That these pressures have affected the rocks in three 
ways:—(a) producing, dynamically, cleavage by myloni- 
tisation generally and (6) foliation as distinct from mylo- 


» JUc. 0«ol. Ind., XVUI, Pt. 4, pp. ieS-172, (1886). 
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uitisation, and (c) by inducing crystallisation or secondary 
crystallisation where static pressures appear to have 
prevailed. 

111. That II (a) probably indicates conditions under which the 
rocks have been sheared (mylonitised) or II (b) rendered 
plastic; in the former cases the rocks were not so deeply 
buried as in the latter, other things being equal; and 
that ill case II (c) the rocks were subject to so great a 
static pressure, and were possibly under high tempera¬ 
ture in consequence, that complete crystallisation has 
taken place and secondary granitic rocks have been 
produced. 

Mr. Bliattacharji’s observations, thus briefly stated, can be 
considered as data in support of the well-known ideas of Uruben- 
mann and others of the recognition of different zones in Van Hise’s 
zone of anamorphism where rocks may be strong enough to be (a) 
mechanically sheared or mylonitised; or at a lower depth or under 
greater strain the rocks {b) may be rendered plastic and so intensely 
folded and distorted; or at still greater depth or far greater pressures 
the rocks (c) may recrystallise or develop entirely new minerals 
characteristic of this zone. 

For the puiposes of mapping, the old method of classification 
has been generally follo\vcd. According to this, the rocks mapped 
are—(1) alluvium, (2) the Cuddapahs and/or the Vindhyans, (3) 
the Sakolis, (4) the Sausars, (5) the mylonites and cataclasites, (6) 
the granuhtes and the fine-grained gneisses and schists, (7) the 
coarse-grained gneisses and schists and the gneissic granites and (8) 
the granites (apparently very slightly altered). 
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INTRODUCTION. 

The area from which the material under description was collected 
is in the northern part of Keonjhar State, Bihar and Orissa, 
comprised in the Survey of India sheet 73 G/9. It is included in 
the map accompanying the memoir on the iron-ores of Bihar and 
Orissa by Mr. H. Cecil Jones.^ The whole of the area in question, 
excepting a fringe of sandstone of the Iron-ore series along the 
western margin, is covered by granite which is traversed by a system 
of very numerous dykes. 

The granite is part of a batholitliic mass extending into and 
occupying a large tract of country in the adjoining districts of Singh- 
bhum and Mayurbhanj. It is apparently of uniform composition 
throughout the area, being composed of quartz, orthoclase, micro- 
oline and oligoclase with very subordinate muscovite and biotite. 


» Mem. Qeol. Surv. Ind,, LXIII, P4.2, (1934). 
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PetrograpHcally it is very similar to the granites found in Singh- 
bhum, Ranchi, Bonai, etc., described recently by Dr. J. A. Dunn^ and 
Dr. L. A. Narayana Iyer.® In the area under consideration the 
dykes are intrusive into the granite, and all, except one, are basic 
in character. The dykes are mostly doleritic in texture, but some 
are basaltic, while gabbro or norite has also been observed in a few 
places [e.g., in the dykes near Durgapm (21° 61'; 86° 36'); Palas- 
ponga (21° 47': 86° 34'); Kanchan Dumaria (21° 60': 86° 42'); and 
Burduma Huri (21* 48': 86° 44')]. The single exception to the 
universal basic nature of the dykes is one which is sub-acid in com¬ 
position and is mainly of the nature of an epidotised augite-grano- 
phyre. 

In the following pages are described the petrographic and chemical 
characters of these dyke rocks. The chemical analyses were done 
by Mr. P. C. Roy, Assistant Curator of this Department, to whom 
my thanks are due for the trouble he has taken. The analysis of 
the norite (specimen No. 36/520 in the collections of the Geological 
Survey of India) which shows unusually low alumina and lime 
and high magnesia, was completely repeated. The second analysis, 
however, agreed very closely with the first, dispelling the doubts 
entertained about the accuracy of the first and confirming the noritic 
natture of the rock. 

DESCRIPTION OF THE DYKE ROCKS. 

Dolerite and Basalt. 

The basic rocks vary from very fine-grained ones breaking with 
a Bub-conchoidal fracture, to those with medium grain. Coarse 
types are distinctly rare. 'The colour is generally grey, with a fairly 
well-marked greenish tinge. The specific gravity, determined on 
some twenty-five representative specimens collected by me from 
various localities in the area, shows values ranging between 2*89 
and 3‘22 with an average of 2*976 (27° to 30° C.). The dykes vary 
in thickness individually and sevarally, from a few feet to as much 
as 700 yards. 

A computation was made of the length of the dykes in relation 
to the directions followed by them. The aggregate lengths, averaged 
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mostly for intervals of every 10 degrees of the compass, are shown 
below:— 




Pireotion. 





Aggregate 

length. 

330® . 






• 


Iriiles. 

. 6-6 

340® . 






• 

• 

. 17-0 

360® . 






• 

• 

. 6*0 

360® . 








28*0 

10® . 








33-2 

20® . 







• 

. 65*2 

30® . 








. 97*4 

46® . 







• 

10-6 

66® . 


, . 


. 




10*6 


A glance at the map in the memoir by Mr. Jones will show that 
the direction most favoured by the dykes is near about 30° (N. 30° E.) 
while a subsidiary one around 340° (N, 20° W.) can also be recognised. 
These two correspond to the major directions of joints in the granite. 

The rocks are composed mainly of augite and plagioclase, the 
relationship between the two being sub-ophitic. Porphyritic 
crystals, either of augite (e.jr., 36/492, 36/541)^ or of felspar (36/529), 
are occasionally seen. The felspars frequently show a pale greenish 
tint, this being due, at least partly, to the development of micros¬ 
copic secondary products like epidote and chlorite in them. They 
are generally altered to various degrees, the alteration products 
including kaolin, sericite, calcite, chlorite and epidote. The fresh 
mineral shows lamellar twinning from which the composition has 
been deduced as andesine-labradorite or acid labradorite. The 
augite is usually fresh and colourless, but rarely showing just a 
suggestion of greenish tinge. Twinning on a (100) is common and 
* herringbone" structure is sometimes seen. It alters to uralite 
and chlorite, and in a smaller degree to epidote and rarely to serpen¬ 
tine (86/537). 

An almost constant feature in the basic rocks is the presence 
of a little quartz and micropegmatite. In some cases the quartz 
forms comparatively large, megascopic blebs (36/496). The micro¬ 
pegmatite often surrounds the felspars in radiating fashion. The 
minor minerals include titano-magnetite or ilmenite with the 
leucoxene derived from them, and pyrite. Distinct interstitial 
groxmdmass is frequently observed, which may be finely micrographic 

1 
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or altered glassy material. Amygdales are uncommoiii those found 
in specimen 35/410 being usually 2 to 3 mm. and rarely, 8 mm. 
across. 

Two rocks, a very fine-grained basalt (35/403) and a quartz* 
dolerite (36/490), were analysed. The results are given in Table 1 
together with the analyses of some other types of Indian traps for 
comparison. 


Table 1. —Analyses of Dolerites and BaeaUs, 




1 

2 

A 

B 

C 

■■ 

E 

— 


35/403 

36/496 

Average 

Newer 

Bolorito 

Average 

Gwalior 

Trap. 

Average 

I)(^rcan 

Trap. 

Average 

Cuddapah 

Trap. 

Augito- 

diorite. 

Seven 

Pagodaa, 

Madras. 

SiO* . 

. 

49-85 

53-96 

52-25 


50-61 

48-34 

6MB 

TiO* . 

• 

1-20 

trace 

0-94 

1-59 

1-91 

1-66 

0*44 


• 

16-80 

13-13 

14-28 

11-73 

13-68 

12-76 

15-92 


• 

0*23 

0-98 

1-90 


3-19 

3-39 

9-34 

FeO . 

• 

11-60 

8-68 

9-85 

11-94 

9-92 

11-76 

2-87 

MiiO . 

• 

0-24 

0-10 

0-19 


0-16 

0-76 

0-09 

MgO . 

• 

6-60 

7-26 

6-27 

6-46 

6-46 

6-84 

6-48 

CaO , 

• 

10-02 

! 9-07 

8-39 


9-45 

1013 

I 10-40 

NajO . 

• 

2-78 

3-71 

2-79 

4-47 

2-60 

2-56 

M9 

K,0 , 

• 

0-94 


1-60 

0-96 


0-44 

1-61 

H.O-f. 

• 

1-58 

2-66 

2-09 

0-61 


2-38 

j - o-n 

HaO- 


0-22 

0-25 

0-13 



0-28 

P.0, . 

• 

0-16 

0-16 



0-39 

0-10 

0'06 

6 

♦ 

0-09 




, , 

, , 


CO, . 


0-16 

0-26 

0-12 

-- 

-- 

-- 

•• 

Total 

a 




100-43 

100-12 

100-40 

99-66 

Sp. Gr. 

• 

HQ 

2-942 

2983 

2-98 

2-916 

3-106 

2-96 
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— 

1 

2 
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B 

C 

D 

E 

F 

G 

81 
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119*4 

134-8 

134-9 

117-6 

126*3 

1141 

122-2 

136 

108 

A 1 . 
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22-3 

19-3 

21-7 

16-2 

200 

17-8 

22-4 

24-5 

21 

Fm . 

e 

44*1 

47-0 

45*6 

47*0 

47-4 

60'6 

45-8 

42'5 

62 

C 

e 

26-7 

24*3 

23-2 

25*2 

25-3 

26-3 

26-6 

23 

21 

Aik . 

e 

7-9 

9-6 

1 

9-4 

11-6 

7*4 

6*6 

6*2 

10 

6 

Mg . 

1 

• 

*45 

1 

•58 

1 

•44 

•40 

•43 

•39 1 

•60 


•65 

C/Fm 

• 

•68 

•62 

•61 

•54 

•53 

•61 

•68 

•54 

•40 

K . 

• 

•18 

•06 

•27 

•12 

•16 

•10 

•47 

•28 

•20 

Ti . 


216 

•• 

1-83 

2*80 

3*58 

2*90 

0-79 

•• 

•• 

P . 

• 

0-16 

0-16 

0-33 

0-73 

0-42 

0*13 

0-06 

•• 

•• 

Q * . 


—121 

—31 

— 2*9 

— 28*8 

—34 

— 11-9 

+ 1-4 

—6 

—16 


1. Vory fine*grained basalt (36/403) from a dyko half a mile north of Giridharpur 

(22® 0' 30' ; 86° 35'), Keonjhar SUte. Anal. P. C. Roy. 

2. QuartS'dolorito (36/496) from a dyke three furlongs south-east of Giridharpur, 

alongside the patli to Jamjori,"Keonjhar State. Anal. P. C. Roy. 

A, Average composition of three ‘ Newer Bolentes ’ of iSinghbhum. OeoL Surt\ 

Jnd.^ LXV^ p. 628, (1932), Ana). L. A. Narayana Iyer. 

B, Average composition of six ‘ Gwalior tnips’. Jour, Oeai,, XLIII, p, 69, (1936), 

Anal. M. P. Bajpai. (Analysts as revised by the author.) 

C, Average composition of eleven ‘ Deccan traps ’. BvJt. Oeol, Soc, Amcr., 

XXXIII, p. 774, (1922). Anal. H. S. Washington. One of these eleven is 
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F, Niggirsgabbro-diorite type, P. Niggli and P. J. Bogor. ‘ Gesteins uud Mineral 

provinzem p. 126, Berlin, (1923). 

0« Niggli^s normal gabbro-norite type. Ibid,, p. 128. 
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It will be seen from Table 1 that the average Singhblmm ddaite 
occupies a position between the Keonjhar dolerite and basalt. This 
close relationship is of course to be expected, since the dykes in 
Keonjhar are simply a continuation of the * Newer Dolerite * dykes in 
Singhbhum. The average Deccan trap is also akin to these dyke 
rocks. In comparison with these, the Gwalior trap contains less 
alumina and more alkalies, and shows a greater deficiency of silica 
in the Niggli values. The ‘ augite-diorite * containing micro-pegma¬ 
tite, which has been described by Sir T. H. Holland, also shows a 
good deal of resemblance (it would appear that in the analysis, as 
reported, the FeO and FcgOj have been interchanged). In the 
tabic of Niggli values, those for Niggli’s gabbro-diorite and gabbro- 
norite types are given for comparison, the first being more acid 
and the second being more basic than the above-mentioned traps. 


Norite. 

Just east of Durgapur (21° 51': 86° 36') is a broad dyke from 
the centre of which the specimen 36/620 was collected. The rock is 
dark grey in (X)lour, the pyroxenes showing a bronzy lustre. Under 
the micTOvseope it is found to consist of dominant pjroxenc which 
is here and there altered to serpentine. The basic plagioclase is to 
a large extent altered. Some ilmenite and leucoxene, a little quartz, 
micropegmatite and a few flakes of biotite are also seen. The 
modal composition determined by means of a Wentworth recording 
micrometer, is 77 per cent, pyroxene, 18 per cent, felspar, 4 per cent, 
micropegmatite and quartz, and less than 1 per cent, iron ores and 
biotite. 

The pyroxenes are colourless and non-pleochroic. Several of 
them give straight extinction and rather low interference colours 
and are referable to the orthorhombic group. The others give 
oblique extinction and higher interference colours and are therefore 
monoclinic. The optic axial angle, which was determined for a 
few, ranges between 20° and 40°. Hence the monoclinic pyroxenes 
seem to belong to the enstatite-augite (pigeonite) group. 

In Table 2 are given the analyses of the rock from the dyke 
near Durgapur and of some other related types. The perknite from 
Singhbhum, analysed by L, A. N. Iyer, is included since it also 
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lepreBents a coarse differentiate from similar basic dykes (Newer 
Dolerite) in an adjoining area. 


TabIiB 2. —Analyses of Norite and Related Types. 






3 

H 

I 

J 





(36/520), 

Augito- 

norito, 

Eriyur. 

Hyporsthonito, 

Pallavaram. 

Porknitts 

Siughbhum. 

SiO, 




53-82 

63 05 

46*86 

52*59 

TiO, 



. 

0-33 

1-77 

•• 

0*30 

A1,0. 



. 

807 

8-91 

9-80 

3*69 

Fe,Oa 



• 

211 

3-26 1 

16*36 

r 2*63 

FeO 



• 

700 

9*62 J 


\ 8*36 

MuO 



. 

0-21 

0-09 


0*22 

MgO 



. 

18-30 

14*42 

18*08 

19*38 

CaO 



. 

5-96 

6*76 

9*57 

11*49 

Na^O 




1-28 

0*661 

traco 

( ■■ 

K,0 




0-82 

0-48 J 


L 0*22 

H,0.h 



• 

l-S?"! 

0*65 

0*67 

I ■■ 




• 

oosj 



[ 0*58 

P.O. 

• 



0-04 

0-09 

•• 

0*13 

COj 

• 


• ; 

0-05 

• • 


0*14 


TfXTAL 

. 

99*73 

99*66 

101-33 

»100*10 

Bp. Qr. 

• 

• 


3*095 

3*09 

3*333 

3*34 


♦ Indades Cr«0», 0*22, KiO, 0*09 and S, 9*06. 
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Niggli Values. 



a 

H 

I 

J 

112*3 

116*9 

84*8 

99*4 

9*9 

11*6 

10*5 

4*1 

73*1 

70*4 

71*0 

72-4 

13*3 

15*9 

18*5 

23*3 

3*7 

2*1 

• • 

0*3 

*78 

•67 

*69 

•76 

•18 

•23 

1 *26 

•32 

•30 

*32 

.. 

100 

0-51 

2*94 


0*43 

004 

0*08 


0*10 

—2*4 

•4-8*5 

—15 

—1*0 


K 

80 

10 

74 

14 

2 

•72 

19 


^28 


3. Coarao norite (36/520) oontaining much magoonan pyroxene, subordinate felspar, 
interstitial Qiuartz and luloropagmatite and a little iron-ore and biotite; from 
the central part of the dyke oast of Durgapur, Keonjhar State. Ann. ], p, 0. 
Roy. 

H. Augito-nonte ; hi'nlorysballine, with small phonoorysts of oiistatite, the ground- 

mass oontaining minute augitos wrappel around by tufted raiorolites of felspar 
and interstitial glass; from Eriyur, South Aroot district, Madras Presidency. 
T. H. Holland, JRec. GeoL Siirv.Ind,, XXX, p. 28, (1897). Anal. P. Bruhl. 

I. Hypersthenite from Pallavaram near Madras, oontaining much Bohillerised 

hyperstheno, brown hornblende and augito, a little olivine, Bpinollids and 
occasional apatite. T. H. Holland, Mem. Oeol. Surv. XXVIII, Pt. 2. 
p. 166, (1900). Anal. T. L. Walker. 

J. Perknite (34/457) associatod with dolorite, from a dyke one mile eaat of Belma, 

Singhbhum district. Contains much augite sot in a hue-grainod groundmass 
of augite, a Uttla felspar, quartz, biotite and calcite. L. A. N. Iyer, JKec. 

SuTv, Ind., LXV, p. 528, (1932). Anal. h. A. N. Iyer. 

K. Xiggli's horublendite-pyToxenito-peridotite type * (Xiggli and Beger, ^Gesteins 

und Mineral provinzen p. 136, Berlin, (1923). 

The norite from Durgapur, the analysis of which is given in the above 
Table 2, is seen to be unusually rich in magnesia, which is accounted 
for by the character of the pyroxene. Its occurrence in the central 
portion of a dolerite dyke and its gradation into the latter type of 
rock show clearly that it is a product of differentiation, probably 
through the segregation of earlier formed crystals. In the table 
are given also the analyses of an augito-norite and a hypersthenite, 
both from South India, which show a fairly close similarity to the 
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rook from Keonjliar. This norite is therefom a l^pe related to 
byperstiienitea and picritea. It differs from ordinary pyroxenites 
and homblendites in containing more magnesia and less alumina 
and lime, and from ordinary peridotites in containing more silica, 
alumina and lime and less magne«w. It thus falls between these 
two general groups, and resembles Niggli’s hornblendite-pyroxenite- 
peridotite magma t 3 rpe except for the greater proportion of silica. 
The perknite described by Dr. L. A. N. Iyer, although very similarly 
related to the same system of basic dykes, is a type distinctly richer 
in lime, due evidently to the pyroxene being diopsidic, as shown by 
the large optic axial angle (56®—60°, and 68°). 

The optical characters of the pyroxene and the bulk composi¬ 
tion of the norite show that the pyroxene is a magnesia-rich variety. 
For understanding the chemical nature of the mineral, the rock 
was crushed to pass an 80-mesh sieve and the pyroxene separated 
by means of Sonstadt solution (potassium mercuric iodide) of 
density 3*1. On analysis, the following result was obtained:— 

TabIiB Z.—Analysis of Pyroxene. 


SiO, • 










Per cent. 

5300 

TiO, . 


. 








0-43 

Al,0, . 


. 








2-63 

Fo,0, . 


• 








3-65 

FeO . 


• 








7-56 

MnO . 


• 








0*28 

MgO . 


• 








24*78 

CaO . 


• 








6*10 

Alkalies 


• 








trace 

P.O. . 


• 








Nil 








Total 


99*39* 


* (H|0 Im than 0*1 per cent.) Analyst: P. C« Roy. 

For comparing the relative abundance of the oxides of iron, 
magnesium and calcium in the pyroxene with that in the rock, the 
moleoular proportions of the three oxides have been recalculated to 
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100, all the iron being reckoned as ferrous. The valaes are given 
below:— 


— 

FeO. 

MgO. 

CaO. 

MgO/FeO. 

MgO/CaO. 

[pyroxene .... 

17-27 

70-29 

12-44 

4-1 

5*6 

Etook (norite) . 

18-04 

66-47 

15-49 

S-7 

4-3 


Some work has already been accomplished by several investiga¬ 
tors in studying the composition of the pyroxenes in relation to that 
of the rocks in which they occur. Fenner^ has found that there is 
a higher MgO: FeO ratio in the pyroxene than in the rock, this 
aocoimting for the elimination of iron at a late stage in the form of 
magnetite. Wahl* and Washington® have shown that magnesia- 
rich enstatite-augite is characteristic of the plateau-basalt type of 
basic rocks, while lime-rich diopsidic augite is characteristic of oUvine- 
diabase and ‘ cone-basalt Fermor® and Barth® have however 
expressed the view that enstatite-augite is the common pyroxene of 
all basaltic rocks*. This question is discussed in a recent paper by 
Kennedy’ who supports Wahl’s and Washington’s views. In the 
present case there is no doubt that the pyroxene is enstatite-augite, 
showing a higher MgO: CaO ratio than the rock in which it occurs, 
and that the rook belongs to the plateau-basaltic or tholeiitic type. 


The Sttb'acid Dyke. 

There is a conspicuous dyke of grano-dioritic composition which 
extends from Khuntapoda (21® 62': 86° 36' 30*) in a N. 20° E. 
direction to Sosang (22° 1': 86° 40'). Its length is about ten miles 


»C. N. Fenner. The crystalliMtion of basalts. Amer. J<mr. Set.. XVIII. 
pp. 226-253, (1929). 

> W. Wahl, Die Enstatitangito. Min. Par. MUt., XXVI, p. 14, (1907). 

. * H- 8. WaBhington. Deccan traps and ottier plateau basalts.' Butt. QwL Boc. 

Atmr., XXXIU, p. 800, (1922). 

* L. L. Fermor Enstatite-augite series of pyroxenes. See. Oed. Surv. Ini., 
JuV xJ-i) p. o23) (1926)* 

«T. Barth, Amer, Mineral., XVI, p. 196, (1931). 

•My remarks, loc, ciU, referr^ to the platoau-basalt type only and my conoliisioii 
that the p'roxenesopheenstatite-angite series are probably the moat abundant pyro- 
xones in nature is based on the assumption that the plateau-basalts are 
mmh more important than the oone-basalts, at least in the rooks exposed at the 
surface.—L. L. F. 


' W. Q* Kennedy. Ximids of differentiation in basaltic 
XXV, pp. 250 254. (1933). 


magmas. Amer^ /cmr* 
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while its maximum thickness is over 600 yards. The rock of which 
it is made up is medium-grained, light greenish grey, and sometimes 
mottled with pink. The greenish colour is imparted by epidote, of 
which a variable amount is almost always present. The specific 
gravity of the rook ranges between 2*75 and 3*16, with a mean of 
2*90. Those giving high values are always rich in epidote. 

From this dyke two specimens were selected for analysis. The 
specimen 36/501 from near Gumaria (21° 69': 85° 39'), which re¬ 
presents an average type, is composed to a large extent of micro- 
pegmatite in which patches of quartz can be recognised. Some 
twinned crystals of plagioclase can also be seen. There is some 
undoubted augite as well as a fair amount of epidote, the latter 
derived, at least in part, from the former. Some titano-magnetite 
and leucoxene and a little calcite arc also present. 

Specimen 36/602, which was collected from the marginal portion 
of the same dyke just west of where it is cut through by a stream 
south of Hastinapur (21° 67': S5° 38'), looks partly fine-grained and 
partly glassy and possesses a marked light green colour. Micro¬ 
scopic examination shows that it is composed of micropegmatite and 
aggregates of green epidote. Some grains of leucoxene are inter¬ 
spersed among the other minerals. 

The mineral composition of this dyJce shows that the rock may 
be called an epidotised (augite) granophyre. Other specimens from 
the same dyke (36/499, 500, 508, 516 and 541) are of the same nature. 
The felspar includes both plagioclase (oligoclase-andosine or andesine) 
and orthoclaso, the latter mostly intergrown with quartz. The 
augite is somewhat schillerised and often replaced by epidote, 
amphibole or even chlorite. Small amounts of ilmenite or leucoxene 
and rare pyrite are also present. The analyses of the two specimens 
described above are given in Table 4. 

Tliough both the rocks (36/501 and 36/502) were collected from 
the same dyke, there are differences in mineral composition which 
are reflected in the analyses. The latter is poorer in silica and 
alkalies and richer in ferric iron and lime, in comparison with the 
former. The former resembles some segregation veins associated 
genetically with quartz-dolerites, as will be seen from analysis (L) 
in the Table. The other contains much epidote and resembles, 
roughly^ an epidotised quartz-diallage-syenite, the analysis of which 
(M) is also given for ocmiparison. 
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Table 4. —Analyses of Sub-add Rooks. 



4 

L 

5 

M 

• 

Niggli Values. 


36/501. 

36/502. 


D 

B 

6 

M 

SiOg . 

..t— 

67-41 

69-36 

58-91 

68-32 

Si . 

286-7 

32M 

178-0 

193-9 

TiO, . 

0-83 

trace 

0-78 


A1 . 

31-2 

28-7 

25-7 

29-2 

A1,0, . 

12-45 

10-53 

14-42 

15-77 

Fm . 

28-9 

28-3 

21-8 

21-7 

Fe^O, . 

3-77 

2-99 

7-42 

6-56 

C . 

17-3 

17-7 

48-2 

41-6 

FeO . 

3-33 

3-03 

M3 

0-89 

Aik . 

22-6 

25-2 

4-4 

9-5 

MnO . 

0-32 


0-07 

0-13 

Mg . 

-13 

•22 

•09 

•02 

MgO . 

0-61 

0-90 

0-41 

0-09 

C/Fm 

•60 

-63 

2-21 

1-92 

CaO . 

3-81 

3-57 

14-89 

11-68 

K . 

•35 

•37 

•08 

-89 

Na,0 . 

3-54 

3-56 

1-38 

0-32 

Ti . 

2-66 

. . 

1-78 

*• 

K,0 . 

2-94 

3-15 

0-18 

4-01 

P . 

0-38 

0-44 

016 

0-68 

HjO-f 

1-00 

1-46 

0-83 

11-73 

Qz . 

4 96-5 

4-120-1 

4-60-4 

4^55-7 

H,0-~ 

0-07 


0-02 

J 






. 

0-21 

022 

0-13 

0-48 






COj . 

0-24 

2-07 

Nil 

.. 





1 

s 

mi 

•• 

Nil 

i •• 






Total , 

100-53 

100-84 





I 

1 


Sp. Gr. 

2-76 

2-60 









4. From the dyke one mile south of Gumaria, Keonjhar State* Anal* P. C. Roy. 

5* From the same dyke, just west of the intersection with the stream south of Hasti* 
napur. Anal. P. C. Roy. 

L. Segregation vein associated with quajrtz-dolerite near Hound Point, Dalmeny, 

Scotland. T. C. Day. Chemical analyses of quartz-doleritea and eegrega* 
tion veins at Hound Point, North Queensfcrry and Inverkeithins;. TtanB* 
Edin, Qeol 8or,, XII, p. 85, (1928). Anal. T. 0. Day. 

M. Unakite from Milam’s Gap, Virginia, U. S. A., consisting of orthoclase and green 

epidoto with some quarts, iron>ores, eircon, and apatite, derived from a 
hypersthene-akerite or quartz-diallage-syenite. P. W. Clarke. Data of 
Geochemistry, U. 8, Oeol 8urv,^ Bull, IIQ, pp. 609*610, (1994). 

W* C* Phalen. 
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AOE OF THE ROCKS. 

As already mentioned, the granite of the area is part of a batholith 
extending from here into the neighbouring districts and it can bo 
definitely regarded as the accompaniment of the erogenic revolu¬ 
tion at the close of the Dharwarian era. The dolerite is intrusive 
into and later than the granite, but no idea can be gained of the 
time interval which separated the intrusion of the two types. In 
Peninsular India there are trappean rocks intrusive into part of 
the Cheyairs (Cuddapahs), and the Delhis, which have all been consi¬ 
dered to be of pre-Cambrian age but later than the Dharwars. 
The next younger group of basic rocks appears only in Rajmahal 
(Jurassic) times and this may be considered as an earlier phase of 
the Deccan traps.^ So far as known, there are no basic rocks in 
Peninsular India to represent any part of the enormous gap of time 
between the two. 

The dyke rocks of Keonjhar are probably of about the same 
age as the Cuddapah traps. In contrast with the basic rocks of an 
earlier age, which are all completely amphibolised or converted 
into epidiorite, these have been only slightly altered or are often fresh. 
All these again are characterised by the general presence of micro¬ 
pegmatite in the matrix. 

Field evidence is not very clear as to the age of the sub-acid 
dyke. A single thin dyke of basalt intersects it but the contact is 
obscured by soil and debris. The indications are however that 
it is semi’contemporaneous with, or slightly younger than, the basic 
dykes. 


ORIGIN OF THE MICROPEQMATITE. 

The acid material in the basic dykes is in the fonn of micropeg¬ 
matite, free quartz or acid glass. It is generally found in the inter¬ 
stitial groundmass, but may also form megascopic patches. 

With regard to the presence of the micropegmatite in basic 
rocks, two alternative hypotheses may be considered: firstly that 
it is due to the solution of acid or gi'anitic rock by hot basic magma 
prior to or during intrusion, an<l secondly that it is the residual 
product of differentiation of the basic magma iistdf. In the first 
case it is due to extraneous assimilated matter and in the second 
it is a direct derivative of the rock in which it is found. 

' C, S, Fox, Ourrmt Science^ III, p, 42S, (1935). 
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With regard to the first hypothesis, it is well known from actual 
field observations that basic and acid rocks can mix and produce 
a hybrid or intermediate product. In the present case it is manifest 
that the dykes have penetrated through and are surrounded by 
granitic rocks, and hence such a mixing may probably have taken 
place. Dr. N. L. Bowen^ has discussed this question and has stated 
that such assimilation can take place if the rock dissolved belongs 
to the same reaction series as the basic rock dissolving it, though 
quantitatively it may not be of much importance. The margins 
of the basic dykes against the granite are, wherever they can be 
seen, quite sliarp, so that any such assimilation must have taken 
place at depth and probably in and around the magma chamber* 

With regard to the second alternative it may be noted that 
the residual acid material is present in many basic rocks in India 
and elsewhere. In the basic dykes in Keonjhar there is a variable, 
though generally small, amount of micropegmatite and quartz, but 
in the sub-acid dyke the micropegmatito forms the major portion 
of the rock. Sir T. H. Holland has discussed the origin of such 
material occurring in the basic dykes in the Madras Presidency as 
early as 1897, He wrote 

‘ I would consequently prefer the explanation I have already given, naipely 
that the micropegmatite is reaUy original, the last phase in the consolidation of the 
rook, and its formation and preservation are facilitated by the perfectly quiet 
conditions of consolidation and subsequent freedom from dynamic disturbances.’ 

Again,® 

‘ Even distinct veins of granophyre, instead of being considered normal igneous 
intrusions, can best be explained as “ contemporaneous veins ** formed as the 
stage in the consolidation of the magma from which the augite-diorite was obtained 
during the earlier stages of its consolidation. When consolidation takes place 
under limited pressure as was probably the case with the Madras dykes, the frames 
work of augite and plagioclase will be sufficiently strong to prevent ooUapse, and 
the micropegmatite can thus consolidate in the intercrystal cavities. But where 
the presstire is in excess of that which the framework of augite and plagioeiiiae is 
able to withstand, as is more likely to be the case in large masses, the mpther liquor 
will be squeezed out and will consolidate as a separate mass of granopliyre. Some 
such explanation as this I would offer to account for the frequent SJWooiaMon of 
masses of augite-diorite (gabbro) with granophyre; or in other words, to account 

1 Evolution of Igneous rooks, pp. 199-201, Princeton University Press, (1928) 

* T. H. Holland. On some norite and associated basic dykes and lave flows in Southern 
India. Bsc. Otdl, Surv, Jnd-, XXX, p. 34, (1897). ^ 

•/Wd.,p.39* ^ 
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for the separation of these genetically related rooks when the magma is sufficient 
to form large bosses, and for their intimate microscopic association where the magma 
consolidates in narrow dykes.’ 

Bowen' considers that quartz or acid residue in basic rocks results 
from the early separation of olivine from the crystallising magma in 
excess of its actual stoichiometric proportion. Fenner^ however 
points out that though experimentally sound, this is not supported 
by the field evidence of the rocks. In a recent contribution to the 
study of the differentiation of basaltic rocks, W. Q. Kennedy^ con¬ 
cludes that there are two fundamentally different types of basaltic 
magmas, one tholeiitic and the other olivine-basaltic. The tholeiitic 
magma, represented predominantly among the plateau basalts, gives 
rise, according to him, to an acid differentiate of which quartz, 
acid plagioclase, micropegmatite and common augito are charac¬ 
teristic ; the olivine-basalt type (oceanic basalts) results in products 
which contain abundant potash and soda felspars, felspathoids, 
soda pjTOXcnes, titanaugite and amphiboles, but no quartz. The 
rocks described here will fall under the normal tholeiitic types and 
their derivatives and afe therefore not in any sense peculiar. As 
shown above, the nature of the pyroxene also supports this conclu¬ 
sion. Moreover, these rocks could not have any particular signi¬ 
ficance with regard either to space or geological time, since they 
are to be found associated with fissure as well as central eruptions in 
many parts of tlie world and in various geological ages. 

The rocks under study belong therefore to the tholeiite group, 
the granophyric dyke apparently representing a late differentiate or 
peginatoid. It is impossible to evaluate the part played by assimi¬ 
lated acid mat^'rial In the present state of our knowledge of the 
physical chemistry of the differentiation processes in basic rocks, 
no clear distinction between the products of normal differentiation 
and those due to assimilation of extraneous acid material seems 
possible. The relative importance of the role played by these two 
processes must remain vague and unsettled until some definite 
criteria can be established, particularly tlirough experimental work. 

1N. L. Bowon, loc. cU., pp. 70*74. 

*C. N, Fonnor. The crystallisation of basalts. Amer. Jour. Sci.y XVIII, 
pp. 225>253, (1920). The residual liquids of crystallizing magmas. Mineral Mag,, 
XXIT, pp. 539-660, (1931). 

» W. Q. Kennedy. ‘Trends of differentiation in basaltic magmas’. Amer. Jour, 

XXV, pp. 239.256y (1933). 
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EXPLANATION OF PLATR 

PtATB 1. Fio. Dolerite (36/507: 17472) from a dyke near Eai8ia> Keonjhar 
State. Ordinary light, X 24. 

Fio. 2.—Granophyre (36/502: 17468) from the dyke near the inter¬ 
section of the stream south of Hastinapur. Polarised light, 
X 24. 

Fio. 3.—Granophyre with epidote (36/501: 17467) from the dyke one 
mile south of Gumaria. Polarised light, X 24* 

Fig. 4.—^Norite (36/520: 17486) from the dyke just east of Durgapur. 
Ordinary light, X 24. 
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miscellaneous note. 

Quarterly Statistics of Production of Coal, Gold and Petroleum 
in India: October to December, 1935. 

Coal. 


— 

October. 

November. 

December. 

Quarterly 
total 
for each 
Province. 

Assam • . . 

Tons. 

lfi.796 

Tons. 

10,933 

Tons. 

17,607 

Tons. 

53.336 

Baluchistan .... 

71 

940 

267 

1,278 

Bengal .... 

623>858 

562,179 

589,384 

1,676,421 

Bihar and 0*'UMa . 

985.116 

986,188 

1 1,051,864 

3,022,167 

Central Provinces . 

119.874 

i 12.3,265 

133,496 

370,635 

Punjab .... 

15,962 

18,228 

14,287 

48,477 

Total 

1,060,676 

1,709,733 

1,806,896 

5,177,303 


Gold. 


- 1 

October. 

November. 

December. 

Quarterly 
total 
for each 
Company. 


Ozs. 

Oss. 1 

Ozs. 

Ozs. 

The Mysore Gold Mining Co„ 
Ltd. 

8,040 

7,981 

8,235 

24,266 

The Champion Beef Gold 
Mines of India, Ltd. 

6,778 

5,690 

6,775 

17,143 

The Ooregum Gold Mining 
Company of India, Ltd. 

4,796 

4.434 

4,334 

13,564 

The Nundydroog Mines Ltd. . 

9,227 

9,231 

9,267 

27,716 

Total 

27,841 

j 

27,236 

1 

27,601 

82,678 
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Petrcdeum. 


1 

Crude 

petroleum. 

Total gaso* 
lene from 
natural gas.* 


Gallons. 

Gallons, 

Assam ......... 

17,242,484 

! NU 

\ 

Burma. 

61,066,858 

2,371,877 

Punjab . *. 

1,540,240 

109,479 

Total 

78,846,502 

2,480,656 


♦These figures represent the total amounts of gasolene derived from natural gas 
at the well-head. Of these amounts, a portion is sold locally as ' petrol * and the re* 
mainder is mixed with the crude petroleum and sent to the refineries. The figures 
given in the two columns, thei'efore, together represent the total * raw products ’ ob* 
tained. These remarks apply to the similar totals quoted in previous Records, 


A. M. Heron. 


M G1TC-M-- VIlI.4.26-15.6-»6-«50. 













/*. L, Dutt, Piotomicros, t'' Calcutta. 

FIQ. 3. 6RAN0PHYRE WITH EPIDOTE, ONE Fig. 4. NORITE, FROM THE DYKF JUST EAST 
MILE SOUTH OF QUMARIA. OF DURGAPUR. (X24). 

(Polarised light, X 24). 
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!•-INTRODUCTION. 


By kind permission of the Director, Geological Survey of India, 
the first eleven stones of the Perpeti meteoric shower received by 
this Department were exhibited by the author 
at the monthly meeting of the Asiatic Society 


Previous notices. 


( 123 ) 
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of Bengal held in Calcutta on the 6th August, 1935.^ Ttoe 
additional stones of the same shower, received later, were exhibited 
at the Asiatic Society of Bengal on the 2nd September, 1936,* 
Copies of the notes describing the exhibits appeared in Science and 
Culture.^ 

The shower occurred in the night of the 14th May, 1936, at 
about 11 p.M. The attention of the Geological Survey of India 
was first drawn to the fall by Mr. P. C. Koy, 
Ba^ar P^trika ** Assistant Curator, who made the following 

translation of the account of it published in 
the Calcutta edition of the 25th May, 1935, of the vernacular news¬ 
paper Ananda Bazar Patrika :— 

‘ On the 31st Baisakli last ’ (14th May, 1935) ‘ at 11 P.M., an unusual scene 
was witnessed in a south-westerly direction at difTerent places under the police 
stations Chandina, Kachua and Hajiganj in the Tippera district, Bengal. Innum¬ 
erable meteorites foil at Pilgiri, Bhateswar, Perpeii, etc., under police station 
Chandina. The outer colour of the stones is black while the inner is white. The 
meteorites arc all of difTerent shapes and sizes. Their weigh! vanes from 2 tolas 
to 15 seers. Fortunately then', w^re no casualties frran the fall.’ 


A letter was then issued by the Geological Survey of India on 
the 31st May, 1935, to the District Magistrate of Tippera, Comilla 
(copies being sent at the same time to the police 
officers of Chandina, Kachna and Hajiganj 
police stations), enclosing a copy of this transla¬ 
tion and requesting him kindly to obtain as complete information 
as possible regarding the fall and to send the stones to this Depart¬ 
ment. 


Mr. E. W. Holland, I.C.8., the District Magistrate of Tippera, 
Comilla, obtained and sent to the Geological Survey of India on 

Stones recovered from June, 1935, eleven specimens, compris- 

vlllages under Chandina ing nine separate stones and two pieces of a tenth 
police station. stone, w hich were stated to have fallen and 

been recovered from villages under the jurisdiction of the Chandina 

^ Advance Proc. afid Not. As. Soc. Beng., II, No. 5, pi). 65*68, (1935). 

* Op. cit.. No. 6, pp. 77-79, (1935). 

« Bckrice and Cvltme, No. 4. p. 194, (1935); No. 6, p, 280, (1935). The author 
woa not roBponsibie for the final paragraph in the latter reforenoe ooneemtng a mete* 
orio shower near Comilla. Also Current Scimet, IV, No. 2, p. 120, (1936). 
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police station. When unpacked, these specimens were registered as 
Stone, Nos. 298 A-K in the meteorite collections of the Geological 
Survey of India. Several labels in Bengali were pasted on tlieir 
surfaces, but most were illegible. Stone 298 D, however, was stated 
to be ‘found by Amir-uddin at 11 a.m. on Wednesday the ICtli 
May on the west of Kula Netra’s field ’. The only other legible 
label was on 298 G which w'as ‘ found in a box in the possession of 
Ali Hamid 


Reports received. 


Meanwhile the officer in charge of llajiganj police station sent 
in a report on the 6th June; and on the 23rcl July, 1935, the District 
Magistrate forwarded reports from the police 
ofiScers at Chandina and Kacliua, the Sub- 
divisional Officer of Chandpnr and tlie llajiganj Circle Officer. 
From these reports it appeared that there were ]) 08 sibly stones 
which had fallen in villages under tlie jurisdiction of tlio Kachiia 
police station which had not yet been sent to Comilla for despatch 
to Calcutta. Accordingly a furthei^ communication was made to 
the District Magistrate of Tippera on tlic 31st July, 1935. 


,,, , , , A brief general note on the Parpati Phen- 

* Statesman ’ report. , ® j • .li. i - rx* r 

ornenon appeared m the (alcutta edition of 

the Statesman newspaper of the 3rd July, 1935. 

On the 14th August, 1935, a parcel containing tliiee stone meteor¬ 
ites, recovered from ^dllagcs under the jurisdiction of Kachua 

Slones recovered from station, was receivc'd by the Geological 

villages under Kachua Survey of India from the District Magistrate, 
police station. Tippera, On the largest stone, 298 L, was a 

label dated the 18th June, 1935, stating that it fell ‘on the eastern 
side of the house of Rajjob Ali, son of Omar Ali, in a jute field in 
the village of Chandini. He heard a loud noise and w^ent out and 
after searching he found this stone. He came today with Chaukidar 
8/6 Radha Charan Das to tlie police station ’ (Kaclma). The middle 
stone, 298 M, had a label of the same date to the effect that it was 
found ‘ in the village Bargi on the w^estern side of Madhu Mia’s house 
in a paddy field. It was brought to the police station ’ by the 
^me Chaukidar. The smallest stone, 298 N, fell ‘ in the courtyard 
of Sailen Das, son of Sambbu Nath Das, in the village of Naula, 
and was forwarded by Chaukidar 7/4 Dwarika Nath Sial ’ to the 
Kachua police station on the ISth June, 1935. 




With the exception of the Menia mete.orite^, with a total weight 
of 71,406 grams for five pieces, the Kuttippuram meteorite® w^eighing 
38,437 grams, and the Patwar meteorite totalling 37,353 grams, 
which has been described by the author in a separate paper, the 
total weight of all specimens of the Peri)eii meteorite exceeds that 
of any Indian meteorite in the possession of the Geological Survey 
of India. The ICarkh falP totalled 21,734 grams. 

The thanks of the Geological Survey are thus due to the various 
police and district officers, and especially to E. W. Holland, Esq., 

. , . . ^ I.C.S., the District Magistrate of Tippera, for 

t now e Kinen . successful efforts in obtaining the stones 

of this Perpeti shower, which form an excellent addition to the 
collections in the Indian Museum. 


IL~^CIRCUMSTANCES OF THE FALL. 

Details. 

* Anaiida Bazar The A)zanda Bazar Putrika report quoted on 
*^*^‘^**^* • page 124 mentioned the phenomena of fall as 

having been witnessed in a south-west direction. 


1 Mow^ WTigljR 35-7284 grains {eve page 134). Additional fxaginents of this piece 
298 K are preserved in a small glass tulw. 

H. Tipper, liec, GeoL Ind,, LVI, p. 347, (1926). 

» J. Ooggin Brown, op. cit., XLV, p. 211, (1915). 

* L. L. Fermor, op. cit., XXXV, p. 85, (1907). 
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„ The officer in charge of the Hsjiganj police 

^rotted 

‘ 1 have the honour to report that at the tinu* noted abo\(i ’ (11 i\m. on the 
14th May, 1935) ‘ many people of Hajiganj saw a very l>riJliant light in the sky 
passing from south-west to north-east. No meteorite fell in this jurisdiction. 
1 hear that haitl, stone-like substances fell in the gi-ound at and near about Pilgiri 
village. Three high sotmds like those of bombs were also heard at that time’. 

, . ^ , Mr. J. N. Chakraborty, Sub-Inspector of 

Mr. J. N. Chakraborty. r • ^ v i x* x 

police m charge of Kachua })olice station, wrote 

on the 2lBt June, 1935, that:— 

‘-on enquiry it was learnt that 3 (three) meteorites of dillerent 

weight feU on the places noted below in this P. S. EJaJ:a^ v hieh have all been taken 
charge of by me on 18th June, 1935, and kept in this P. J8. mallhana^ 
awaiting orders for their disposal. 

(1) One meteorite fell on the night of 31st May, 1935 * at \illage ('hangini to the 
east of Rajabali’s house in the field. It "vieighs 1] seers.'* 

(2) The 2nd one, vhich weighs 6 chataks^, fell at village Barapara to the west 
of Madhu Babu’s house in the field on the same night. 

(3) The 3rd one, w^cighing one chatak®, fell in the yard of one Kailash Ch. Baa 
of Naula on the very night/ 

These three specimens are undoubtedly 298 L, M and N mentioned 
on page 125 as being labelled to the effect that tliey were jiicked up 
in the villages Changini, Bargi and Naula, respectively. 

Mr. Chakraborty added that 

* there wa« thunder first, then the sky appeared to be lighted. I'hen there was 
3 or 4 roaring sounds w'hich were followed by the fall of the inetc'orite. A light 
appeared to have run from west to east in the skj. As for the direction of the 
fall, nothing could be said.* 

The recovered pieces were cold when collected and there w^as no 
characteristic smell in the neighbourhood. Only one piece fell at 
each locality. 

It will be remembered, however, that according to the label on 
the stone (298 L) that fell at Changini, Rajjob Ali recovered this 
on the night of the shower; but no mention w^as made of whether 
or not the stone was cold when he picked it up. 

^ Subdlvisional area* 

* St<Mre. 

* Keally the lith May, 1935, or the Slst Baisakh. 

® 2| pounds. 

^ 12 ounoes. 

* 2 ounoes. 
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Babu Harendra Moban Naha, Sub-Inspector of police in charge 
of Chandina police station, stated that about 11 p.m. On the 14th 
May, 1936, ten meteorites fell in different ril- 

houses of persous of 
‘ Union No. XIV (Adda)' under Chandina 
police station. Light phenomena accompanied the fall which ap¬ 
peared to take place in the south-west ‘comer’. The meteorites 
were recovered the following morning and were then cold. There 
was no characteristic smell and only one stone fell in each locality. 
The.«e ten meteorites were those numbered 298 A-K. 

Mr. S. Ahmed, Circle Officer of Hajiganj, stated that the meteo¬ 
rites fell in many places under the jurisdiction of Chandina police 
station and in the villages Erishnapur and 
‘ ■ Changini under Kachua police station. A 

strong light ‘ like a search light ’ accompanied the fall which was 
in the north-east part of the police subdivision. When recovered 
the following morning, the meteorites were cold and ‘ there was no 
smell received by the neighbouring houses ’. 


Cooclusions. 


For all stones, there is no information avail- 
gardlng^depU?.****” depth to which they penetrated 

on reaching the earth. 

Though the recovery of stones from this meteoric shower of the 
14th May, 1935, has been surprisingly good, the total weight being 

Scarcity of recise 23,500 grams, yet disappointment must 

informat^n regarding be felt at the lack of precise information as 
itonw*^*^******”" *** **** distribution of the individual stones. 

In this sense, the Perpeti meteoric shower 
compares unfavourably with the Dokachi meteoric shower of the 
22nd October, 1903, described by Sir Lewis Permor^, though the 
weight recovered then was much less than in the present shower. 

Text-fig. 1 shows the distribution of the villages from which 
stones are reported to have been collected; but it may be noted 
here that 298 M is said to have come both from Bargi and also from 
Barapara. These two villages, together with Naula and Changini, 
are under the jurisdiction of Kachua police station. The other 


> Sec. Oeel. Surv. Iml, XXXV, pp. 68-78, (1007) 
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villages—Perpeti (23° 19': 91° 0')*, which gives its name to the 
shower, Pilgiri®, Bhateswar and Krishnapur—arc under the jurisdic¬ 
tion of Chandina police station. 



Fro, 1,—Sketch map showing Tillages (underlined) from wliich Rtones of the Perj>eti 

met-eorio shower wore recovered. 


The total weight recovered from the Kachiia police subdivision 
is 1,631*604 grams, the largest piece, 298 L, weighing 1,126*20 

Greatest weight re- being rccover(?d from Changini. In the 

covered from north- Chandina police subdivision to the north-east, 
eastern Tillages. 21.942-67 grams were recovered, the largest 

piece, 298 A, weighing 6,869-85 grams and no fewer than six spec¬ 
imens exceeding the weight of the large piece at Changini. 

' The large village Perpeti occurs mainly just inside the one-inch sheet 79 M/3, 
(1938 edition), but it extends on to the adjoining ono-inch sheet 791/15 (1923 edition). 
On this latter sheet, about half a mile to the south-west, a small village named Herpeti 
is shown; this vill^ H«rpeti is shown on the quarter-inch map 79 I (193G edition), 
but there is no modem edition of the adjoining sheet 79 M. 

• Not to be oonfrised with Palgiii, some 2J miles to the W, 8, W. 
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All reports agree in stating that the light appeared in the sonth- 
west and so it appears almost certain that the apparent direction 
of movement of the original primitive meteor- 

mSof!rimi«1eSo: south-west to north-east • the 

rite and of resultant resultant shower of stones on the disruption 

parent meteorite, on encountering the 
* ’ earth^s atmosphere, continued in this general 

direction. All the villages named above are included in a rect¬ 
angular area five miles long by three miles wide, the supposed 
direction of flight (south-west to north-east) being in the direct¬ 
ion of the shorter side. 


Comparison 
Dokachi shower. 


In the case of the Dokachi shower. Sir Lewis Former was able 
to show conclusively that the larger stones travelled further in the 
original direction of motion of the primitive 
meteor, their greater mass, and consequent 
greater momentum, rendering them better able 
to overcome the resistance of the atmosphere. With the Perpeti 
shower this seems generally true, as the greater mass of stones 
fell in the Chandina police subdivision to the north-east. In the 
Dokachi shower, however, a rectangular area embracing localities 
from which stones were recovered had its elongation in the direction 
of flight, the reverse case to that found in the Perpeti shower. 


As will be seen in the general description of the stones, with 
only one exception in the case of 298 L, all specimens are alike in 
not showing secondary crusts due to the fur- 
ge^n*dary*cru8f!"'***^ disruption of the stones produced by the 

break-up of the parent meteor. They show a 
uniform, thin, dark crust with very similar characteristics in all 
cases. Most of the specimens appear to be more or less completely 
crust-covered and do not seem to have lost very much material by 
human agency, except in the case of 298 A. 298 B, D, E, 6, I and 
N are particularly good examples of crust-covered stones. It would 
appear, therefore, that all the stones had a nearly uniform period 
of flight through the atmosphere. 

The stone 298 L is interesting in being the sole stone on which 
secKindary crusts have been developed. These seem of equal thick¬ 
ness and would seem to indicate that this stone was disrupted once 
after it was born of the parent meteorite. 
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A system of immature flow lines is weakly 
Flow lincf. developed on the side of 298 N forming Plate 

12, figure 7. 

III.--GENERAL DESCRIPTION OF THE STONES* 

The largest stone, 298 A, weighing 6,869*86 grams, is far from 
complete, one side being a fracture surface, api)ro3dmately six 
^ inches by five inches, made by human agency 

after its fall to the earth. This fracture surface 
must have been moistened, for the nickel-iron and troilite have since 
rustol and the formerly light-coloured surface has been darkened. 
Possibly a piece weighing some two to three kilograms was broken 
ofl from 298 A and retained locally. 

The stone is now' roughly tetrahedral or arrow-heade<l in shape, 
the longest sides being about nine inches in length. It is posssible, 
also, that the wdiole stone wras originally arrow-headed in shape 
and that the fragment broken ofl is of no great size. If so, the 
stone’s pointed end, opposite from the fracture surface, w^as directed 
in its line of motion through the atmosphere. 

Plate 2, figure?} 1 and 2, and Plate 3, figure 1, show the crustal 
areas of the stone. No definite flow' linea can be observed, but that 
side seen in Plate 2, figure 1, shows numerous elongated depressions, 
some of which are compound in form and as much as two inches 
in length. The crust is generally thin (less than 0*5 mm.) and 
grey-black in colour, but occasionally shows jet-black, somewhat 
gkzed, oval-shaped mirks which appear to represent the location of 
exceptionally fusible constituents in tlie surface of the stone. Small 
excrescences indicate the presence of the relatively refractory nickel- 
iron {see Plate 2, figure 1). The general characters of the crust 
of this and the other stones are compatible with the view that 
since the disruption of the parent meteorite there has been but 
sudden, brief heating. 

Stone 298 B, which W'eighed 4,901*05 grams when received, has 
somewhat the appearance of a truncated spheroid, one side of which 
2WB ^ slightly flattened. Its height is about five 

inches. One can imagine its rounded surface, 
which is well seen in Plate 4, figure 1, being pointed tow'nrds its 
direction of motion, the heat generated by its passage through the 
atmosphere being sufficient to abrade the comers of the original 
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fragment to a more rounded form.^ The flattened base of the 
stone, which is roughly about five inches square (Plate 3, figure 2), 
shows numerous minor shallow depressions, a few of which, however, 
arc of considerable depth. 

It is thought that the shape of the spheroidal part of this stone 
298 B has not been greatly altered by the removal of the crust, 
which was eflected either by accident or design by hiunan or mechan¬ 
ical agencies. The scratchings and excavations of the more in¬ 
quisitive of those who found the specimen arc plainly seen in the 
hand s^jecimen and may be noted in the upper part of Plate 4, 
figure 1. 

This stone has a very thin crust with the same characters as 
described for 298 A. The crustless areas have not rusted as much 
as those of that stone. 

Stone 298 C weighed 2,671*40 grams when received. Its shape 
calls for no particular comment; its greatest diagonal is about 
2^8 c inches. It is not completely covered with 

crust, as about some 400 grams, possibly, have 
been broken off by human agency from the two large crustless areas 
shown well in Plate 6, figure 2. Plate 6, figure 1, shows a peculiar, 
tongue-shaped area of dull-glazed, black crust which is probably 
the result of fusion of a relatively large mass of more easily fusible 
material such as troilitc. Plate 5, figure 3, shows the very irregular 
nature of certain faces of 298 C, the surface being pitted with many 
depressions. 

Stone 298 D, which weighed 2,350*36 grams on receipt, is an 
almost complete specimen wuth just a few grams weight chipped 
off the corner shown in Plate 6, figure 4. Its 
crust is slightly darker in colour than in the 
majority of the other stones, but it otherwise possesses their 
general characteristics. Besides the above figure, it is depicted in 
Plate 6, figures 1-3. It is somewhat trigonal in its upper part and 
its greatest length is about 5^ inches. 

The specific gravity of this stone was found to be 3*652. 

Stone 298 E is also an almost complete specimen, only a few 
grams weight of crust having been removed before it was received 

^ Should ite original form have been conical, the subsequent action of the atmo* 
sphere would tend simply to preserve this form. Schlichter, Qed. 8oc, Arner,, Bull. 
14, pp. 112.116, (1903). 
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^ by the Geological Survey of India; its weight 

on arrival was 1906*45 grams. Its longest 
diagonal is about six inches. Four views of its crust are shown 
in Plate 7. They call for no special comment. 

Stone 298 P, which weighed 1287*05 grams on receipt, has 
probably suffered the loss by human or other agency of some 200 
P pains weight. It is a fairly complete spec¬ 

imen ; its longest diagonal is about 5| inches. 
Its shape, as seen in Plate 8, calls for no comment except that some 
of its faces show numerous irregular minor depressions {see figures 
1 and 3). 

Stone 298 G, which weighed 624*3542 grams on receipt, is an 
almost complete specimen, somewhat similar in shape to the smaller 
298 0 stone 298 I. Its width {2f inches) is almost 

double its tldckness (1| inches), while its great¬ 
est length is about 4| inches. It is depicted in Plate 9, its largest 
faces forming figures 3 and 4. 

The specific gravity of 298 G is 3*55G. 

Stone 298 H is rather weathered on its crustless areas, the extent 
and nature of which seem to indicate that a fair amount of the 
stone has been broken off. Its weight when 
received was 595*9844 grams. Two views of 
this stone are given in Plate 10, figures 1 and 2. It is of no ]^arti- 
cular shape, its longest diagonal being about tliree inches. 

The somewhat rectangular stone 298 I weighed 403*7452 grains 
when received ; it is a particularly fine specimen save for the absence 
j of some very minor chipped areas of crust. 

It is roughly 3 X 2 X 14 inches in dimensions 
and is shown in Plate 10, figures 2-5. 

Stone 298 K was originally part of 298 J, from which it must 
have been broken off by human agency. The latter stone weighed 
245*2913 grams and the former, 298 K, 88*0475 
*** * grams on receipt. Stone 298 K had three 

sections made from it and also part of it was used for a bulk 
chemical analysis by Mr. P. C. Eoy without separation into attract¬ 
ed and unattracted portions. Its weight when photographed was 
76*3816 grams. Later more fresh, crustless material was broken from 
298 K for analyses of the attracted and unattracted portions by 
Mr. Roy and by Dr. E. Spencer and Mr. K. B. Sen and the stone 
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now weighs 35*7284 grams. Fragments of this piece are also pre¬ 
served in a small glass tube. 

The parent stone of these fragments 298 J and K was rectangular 
in shape and about 3 X X inches in dimensions. Certain 
of its faces show numerous shallow depressions which are seen in 
the various views forming Plate 11. The stones have a white, 
rather friable mass. Nickel-iron and troilite show up well on the 
fractured surfaces. 

Stone 298 L, recovered from Changini village, is perhaps the 
most interesting specimen of the shower. It w^eighed 1,126*20 
^ pains when received and its longest diagonal 

is about inches. Throe of its faces are 
covered with the usual, relatively smooth, thin crust characteristic 
of the other stones of this shower. One face is a fracture surface 
on which the nickel-iron has rusted considerably; it is probably 
due to human agency and it is not possible to estimate accurately 
the amount so broken off. The other two faces are coated with 
what appears to be a secondary crust, due to the exposure to the 
atmosphere of fresh fracture surfaces developed when a later dis¬ 
ruption in the atmosphere broke off pieces of the stone. Very 

imperfect fusion appears to have taken place on these surfaces and 

the resultant coarse, black, rough crust is depicted in Plate 12, 
figure 2. It shows up well in contrast with the usual crust and is 

about 21 inches by two inches on both faces. 

Stone 298 M weighed 343*8720 grams when received. It is not 
a complete specimen but probably only about 100 grams have 
^ been broken off. Unfortunately those respons¬ 

ible for the despatch of the stone have been 
rather liberal with the gum that stuck the explanatory label to 
its surface. Neither its shape nor ite crust call for particular com¬ 
ment. Its greatest diagonal is about ^ inches. It is depicted in 
Plate 12, figures 3-6. 

Stone 298 N, which weighed 61'6823 grams on receipt, is the 
almost complete crust-covered little specimen seen in Plate 12, 
figures 6 and 7. It is about two inelies in 
length by one inch square in lateral dimenidoits* 
It is interesting in being the sole stone on which flow lines can 
be discerned, there being a poorly devdioped system of such Hnes 
on the side of the stone shown in Plate 12, figure 7. 
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IV.--M1CROSCOPICAL EXAMINATION. 


Few ciHMidtl. 


TrolHie. 


Thin sections of the stone 298 K, Nos. 23884-23886 in the collect¬ 
ions of the Geological Survey of India, show 
that the meteorite has few, chiefly white, 
chondri. It is not veined. 

There is in the sections a fair amount of nickel-iron, which is 
steel-grey by reflected light and occurs in shapeless masee^s, some¬ 
times with a tendency to spheroidal form. 
According to the analysis, the meteorite con¬ 
tains 8-24 per nickel-iron with Fe: Ni = 6 : 1 approximately. 

Troilite (pyrrhotite) is present to about an equal extent to 
nickel-iron (6*10 per cent.). It likewise occurs 
in shapeless masses and grains and appears 
various shades of bronze by reflected light. It is frequently inter- 
grown with the nickel-iron. 

Both the nickel-iron and the troilite are opaque by transmitted 
light. By reflected light, however, as noted above, their appearance 
is very dissimilar. There is another mineral 
Magnetite. present in fair amount Avhich is also black 

by transmitted light; by reflected light, however, it is also black 
and shows up well in contrast with the nickel-iron and troilite. 
Sometimes this black mineral is dull; but generally it has a some¬ 
what metallic app<rarance and is almost certainly magnetite, very 
finely crystalline. This is also borne out by the relatively large 
percent-age of Fe^Og (4*21) in the bulk analysis, which gives rise 
to 6*12 per cent, of magnetite in the calculaled composition. 

It will also be remembered that Farrington^ has shown that 
the crust formed on the surface of iron meteorites in passing through 
the air has the composition of magnetite. Magnetite has also been 
formed in the crust of this Perpeti stone meteorite by the oxidat¬ 
ion of nickebiron and troilite, 

A few flakes of a reddish, transparent, isotropic mineral are 
probably chromite. Also some of the opaque, 
black mineral is probably chromite. The chem¬ 
ical analysis shows 0*65 per cent, 

The commonest silicate mineral is perhaps olivine, which occurs 
frequently as hypidiomorphio crystals, soinetimes sinqdy twin?ied, 


ChromUe. 


» Pub. Fidd Mus., Geol. 8cr., Ill, p, 176, (1910). 
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Olivine. 


Clinoenetatite. 


Enstatite. 


? Apatite. 


grains, granular aggregates, and as lamellas in 
chondri intergrovm with glass and with olino- 
enstatite. Sometimes the olivine crystals are surrounded by enstatite. 

Clinoenstatite appears as grains and as crystals as well as in 
lamellae in chondri intergrown with olivine and less commonly 
with enstatite. It is marked chiefly by its 
oblique extinction. In slide 23886, large crystals 
'<of clinoenstatite are arranged around a large central olivine crystal. 

Enstatite is present in the form of small 
and large crystals and as lamellsc in chondri. 
Some of it at least appears to be negative in optical character.^ 

A colourless mineral with high refractive index, very low polarisat¬ 
ion colours (greys), an occasional cleavage with straight extinction 
but mure commonlv uncleaved, occurs in the 
sections. It has a triangular outline in one 
example (23886; Plate 13, figure 3), but usually (23884, 23886, 
23886) it is most irregular in outlim?. Sometimes it is practically 
isotropic. The optical character of the mineral is indefinite; it is 
possibly biaxial. Its appearance, however, in certain sections is 
strongly reminiscent of apatite, which though a rare constituent, 
has been recorded from the Kodaikanal and Angra clos Reis meteor¬ 
ites. The percentage of P 2 O 5 (0*27) present in the chemical 
analysis (see page 139) is compatible with the \dew that the mineral 
in question is apatite. The phosphorus was found only in the 
unattracted material and so has not been attributed to schreibersite. 
It is interesting, however, to note that Farringtoir mentions the 
occurrence of a colourless mineral of irregular outlines, which is 
w^eakly birefringent, biaxial, and probably positive, that has been 
ascribed by MerrilP to francolite (which is negative). According 
to E. S. Larsen"^, this mineral has the composition :— 

10 CaO. 3 P 2 O 5 . COg. CaFj.H 20 . 

A little oligoclase felspar (23886), its twin¬ 
ning lamellse having almost straight extinction, 
was noted. The percentage of alumina (1*36) in the bulk analysis 
is very small. 

Glass is not a common constituent of this 
Perpeti meteorite, but can be seen intergrown 


Felspar. 


mass. 


> J. V. Iddixigs. ‘ Kook MineralsNew York, p. 303, (1911). 
•‘Meteorites’, Chicago, p. 188, (1915). 

»0. P. Morrill Mem. Nat, Acad. Sci. Wash., XIV, No. 1, p. 23, (1910), 
♦ U. 8. Oepl 8urv., BuU. S48, p. 170, (1934). 
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with lamellae of olivine in chondri, and in small, separate, isolated 
masses. 

Oldhamite, the soluble sulphide of lime, was not recognised 
under the microscope; even if originally pre¬ 
sent, it would have been removed from the 
thin section in its preparation. Its presence in the Perpeti meteorite 
was proved by chemical tests.^ 


Oldhamite. 


V. CHEMICAL ANALYSIS. 

Preliminary analyses on attracted and unattracted portions of 
a sample of the Perpeti meteorite were kindly made by Mr. P. C. 

Roy, Assistant Cmator; but as the insolubles 
Analyses by Mr, P. C. of the attracted were not added in the correct 
proportion to the imattracted, the results are 
not given. They were very useful, however, in serving as a guide 
to the later analyses, given below, by Messrs. Speiu^er and Sen. 
Mr. Roy also almost completed a bulk analysis without separation 
into attracted and unattracted parts. 

I am greatly indebted to Dr. E. Speucf^r and Mr. K. B. Sen 
Am[y$ts by Dr, P. analysis of part of 298 K, a specimen 

Spencer and Mr. K, li. of the Perpeti meteorite, carried out in Messrs. 

Bird and Co.’s Research Laboratories in Cal¬ 
cutta under their supervision. Dr. Spencer has kindly submitted the 
following note upon the results obtained- 

‘The method of analysis followed in the first estimation Mas the same as tliat 
described by G. T. Prior.'-* By this method th<‘ magnetic i)ortion is firet se})arated 
from the poM’derod material and the whole of the magnetic ixntion is treated with 
hydrochloric acid of I CKl sj^ecific gravity with a few cems. of nitric; acid. This 
removes the iron-nickel alloy, together with the olivine and other minerals soluble 
in the acid mixture. The soluble portion is examined separately and the insoluble 
residue is added to the original non-magnetic portion which is then taken as a 
combined sample for analysis by the usual methods of rock analysis. 

Sulphur was determined on a fresh sample of the meteorite using the method 
described by Ennos®, an absorption flask being used to trap the traces of sulph- 
ureiiod hydrogen which escape from this sample on treatment with acid even in 
the presence of bromine. 

A check estimation of the amount of free nickel-iron and troilite was also car¬ 
ried out by the method described by M. H. HeyS using dry chlorine and volatilis¬ 
ing the iron, sulphur and a portion of the phosphorus. The residue from this cstim. 
ation was again rised to check the remaining constituents. 

^ G. P. Merrill, he, ciL, p. 25. 

8 Min, Moff,, XVII, pp. 24-26, (1«13); pp. 132-133, (1914), 

•Op. eit„ XIX, pp. 326-827, (1922). 

• Op. ci$„ XXin, pp. 48-60, (1984), 
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Although in the first estimation by Prioir’s method, the basio acetate method 
of separating the iron was employed, it was found in the check tests that the ordin¬ 
ary routine steel-works methods of estimating the various constituents (in which 
the iron is either kept in solution with tartaric acid or with acetic acid) gave satis¬ 
factory results. We see no reason why the very tedious basic acetate separation* 
should be insisted upon, except where the quantity of material available for anal¬ 
ysis is very small. 

The steel-works methods are not only much more rapid, but in our opinion 
more reliable, the basio acetate method, unless very carefully carried out, being 
liabl'^ to very serious errors.’ 

The weights taken in the attracted and unattracted portions 
were as follows :— 

Attracted ........ r2055 grams. 

Unattracted. ....... 7’4776 grams. 


Analysis of the attracted portion. 

Analysis of the unattraoted portion 'plus 
the insolubles from tho attracted portion. 




Per cent. 






Per cent. 

Fe . 



50-74 

SiO, . 





42*77 

Ni . 



8-57 

TiO., . 





0*18 

Co . 



0*89 

Al.O, . 





1*58 

SiOj . 



8*25 

CjjOj . 





4*74 

FoO . 



4*18 

Cr,0» . 





0*73 

CaO . 



0-70 

FcO . 





11*97 

MgO . 



. 6*47 

MiiO . 





0*30 

f'Fe . 



0*87 

OaO . 





2*00 

KeS ^ 

LS . 

. 

. 

1*52 

MgO . 





27*30 

Insolubles . 

• 

• 

18*79 

Na^ . 





1*32 


Total 

100*48 

K^O . 





040 





. 





0*30 





fFe 





4*13 





Fo8 i 















2*36 





roa 





0^09 





CaS { 










Is 





0-07 







Total 


99*95 


* See also M. H, Hoy, op. ciU, XXIII, pp. 124,% {HWI4). 
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Bulk analysis. 


The following is the bulk analysis calculated 
from the foregoing analyses of the attracted 
and unattracted portions 


Bulk analysis. 

Atoinitj and 
molecular 
ratios. 








Per cent. 


Fe 







701 

0-1252 

Ni 







M8 

0-0200 

Co 







0-05 

0-0008 

fFe 







3-88 

0 0693 

FeS < 









Is 







2-22 

0-0694 

m\ . 







39-09 

0*6515 

TiO, , 







0-16 

0-0020 

AI.O, . 







1-35 

0-0132 

FoaOj, 







4-21 

0-0263 

CrjOa 







0-65 

0-0043 

FeO . 







11-19 

0-1554 

MnO . 







0-27 

0-0038 

CaO . 







1-88 

0-0336 

MgO . 







2511 

0-6278 

Na«0 . 







M7 

0*0180 

K,6 . 







. 0-14 

0001.5 

- FgO, . 







U-27 

0-0019 

' rca 







0-08 

0-(K)20 

CaS i 









U 

• 

• 

• 

• 

• 

• 

0-00 

0*0019 


I 


Total 


99-97 


An analysis of the portion of the unattracred 
Composition of the insolubles soluble in hyiirochloric acid gave 

the following results :— 


MoU'OiiIir 

ratios. 


SiO* . 







Per cent. 
20-95 

0*3492 

FeO . 







11-97 

0-1662 

lilgO . 







18-30 

0-4575 

CaO . 







0-35 

0-0062 

Fe,S, etc. 







6-65 


Insalubles . 







42-00 






Total 

• 

100-22 



From the percentages of FeO, MgO and SiOo in the above 
analysis, the composition of the olivine approximates to 3 Mg^SiO^. 
Fe^O,. 
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The mineral composition of the Perpeti 
meteorite as calculated from the bulk analysis 
given on page 139 and from the known compos¬ 
ition of the olivine ( 3 Mg 2 Si 04 , Fe^ Si 04 ) is as follows:— 


Mineral compogition 
calculated from the bulk 
analysig. 


RatiOB. 




Poroentages. 


1262 Fe . . . 

• 

. 


7-01" 




200 Ni . 

• 

• 


MS 

► 

8*24 

Niokei-iron* 

8 Go • • • 

« 

a 


0*05^ 




608 Pe « • . 

a 

a 


8-88' 


6*10 

TroUite* 

604 S 

a 

a 


2-22 J 




20 Ca . 

e 



0-08’' 

y 

0-14 

Oldkamite. 

10 fi 

• 

• 


0-06^ 




48 FeO.OrtOt 

• 

a 


a 

a 

0*06 

Ghrozoite. 

263 FeO^PogOj « 

t 



a 

a 

6*12 

Magnetite. 

20 FeO.TiO, 

4 



a 

a 

0*30 

Ilinemte.* 

10 8 Ca^PA-CaO 

a 



a 


1*83 

Apatite. 

117 Ns,O.Al,0,.6 SiO, 

• 



das'] 


6*06 

Felspar. 

15 K.0.A1,0..6 SiO, 


• 


0-83 J 



511 Fe, Si 04 . 

♦ 



10-421 

i 


81*00 

Olivine. 

1584 Mgg 8iO« . 

• 

* 


21-48 J 

1 



206 Fe SiOa • 

a 

• 


2-72^ 




8210 Mg SiOt • 

• 

» 


82-10 

* 

87-01 

Enstatite 

146 0aSiOt , 

• 

t 


1-60 



cUnoenstatite. 

88 Mn SiO. • 

a 

• 


0-50^ 




72Ka4SiO. « 

# 

• 


• 

• 

0*88 

T Pyroxene. 


Total • 00414 


titaiua (laa bean ipoHbed to ilmanite tlioii|rh it may be in the diaomitati^. 
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The Perpeti fall has been classified as a 
In^toBrSna" ***"*^‘*’ chondrite, Cw, in Brezina’s classifica¬ 

tion'—‘ white, rather friable mass with scarce, 
mostly white choudrules 

In Prior’s classification of meteorites^, the Perpeti fall belongs 
to the Baroti and Soko-Banja types, hypersthene-olivine-chdndrites, 
wherein the ratio Fe: Ni varies from about 
ClMdflcation accord- 7 to 3: 1 and the percentage of nickel-iron 
IB generally less than 10. In the Perpeti fall, 
the ratio Fe: Ni = 6: 1 and the total percentage of nickel-iron 
= 8-24 per cent. The ratio Mg 0: Fe 0 in the olivine = 3:1. 


VII.-DISPOSAL OF THE SPECIMENS. 


Exchanges. 


Stone 298 F, weighing 1,287-06 grams, will be presented in 
exchange to the British Museum, Natural History, South Kensington. 

Stone 298 M, weighing 343-8720 giams, will 
be presented in exchange to the National 
Museum of Natural History, Paris. Plaster casts of both stones 
will be retained by the Geological Survey of India. The remaining 
stones of this important shower will be retained in the collections 
of the Geological Survey of India in the Indian Museum, Calcutta. 


VIII .-EXPLANATION OF PLATES. 

Plat® 2, Pio. 1.—Side of 298 A, showing the arrow-headed form of the stone. 

Fio. 2.—Adjacent side of 298 A, showing numerous shallow depressions, 
sometimes compound in nature. 

l^LATB 3, Fio. 1.—Side of 298 A, opposite to that shown in Plate 1, figure 2. 

Fio. 2.—^Truncated base of 298 B, with numerous small deprf.«sions. The 
crustless areas shown in this and succeeding vicwu of this stone 
were probably covered with enist which has since been removed 
either by accident or design. 

Plat® 4, Fio. 1.—^Top and lateral view of the spheroidal part of 298 B, showing a 
compound Sfystem of relatively deep depressions. Scratches of 
human agency may be seen on the upper crustless area. 

Fm. 2.*—Flattened aide of the spheroidal part of 298 B. 


» Pfoc. Arner. FhU. Soe„ XLm, p. 284, (1904). 

• Jfin. ifug., XIX, pp. 51-88, (1920). See also op. cU., XVIII, pp. 28-44, (1918) 
1^. 849*868, (1919), 
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PiQ. 1.-—Side of 298 C, showing a small glased area of crust due to the Ihsion 
of a relatively large mass of more easily hudble material, probably 
troiJite. 

Fiq. 2.—Side of 298 G, showing two large crustless areas from which pieces 
’ have been broken off. 

Pio. 3.—Side of 298 C, showing numerous crustal depressions. 

Fig. 4.-^de of 298 C. 

Fig. 1.—Base of 298 B, an almost complete stone. 

Fig. 2.—^Base and side of 298 B, showing crustal dejnossions. 

Fig. 3.—Side of 298 B. 

Fig. 4,—Side of 208 B, with numerous depressions and showing pointed 
top of the stone. 

Fig. 1.—Side of 298 E, an almost complete stone. 

Fro. 2.—Side of 298 E. 

Fig. 3.~-Sideof298E. 

Fig. 4,-~Sideof 298E. 

Fig. 1.—Side of 298 F, showing numerous depressions. 

Fig. 2.—Opposite side to above. 

Fig. 3.—^Very irregular surface of 298 F. 

Fig. 4.—Smooth side of 298 F. 

Flo. 1,—Side of 298 G, an almost complete stone. 

Fig. 2.—Opposite side of 298 G. 

Fig. 3.—^Largest face of 298 G. 

Fig. 4.—Opposite face of 298 G. 

Fig. 1.—Side of 298 H, a very incomplete stone weathered on its crustless 
areas. 

Fig. 2.~~Sidoof298H. 

Pio, 3.—Side of 298 I, an almost complete stone. 

Fig. 4.—Side of 298 I. 

Fig. 5.—Side of 298 1. 

Fig. 1.—Side of 298 J, an incomplete stone, showing numerous shallow 
depressions. The side of 298 K shown in Fig. 5 originally joined 
this side. 

Fig. 2.—Opposite side of 298 3. The side of 298 K shown in Fig. 6 origi¬ 
nally joined this side. 

Fig. 3.—End of 298 J, siiowing depressions. 

Fig. 4.—Base of 298 J, showing numerous depressions. 

Fig. 5.—Side of 298 K, a fragment broken off from the large stone 298 J. 

This and the next view were taken when K. v^ighed 76*3815 
grama and not 56*3074 as at present. 

Fig. 6.—Opposite side of 298 K. 

Fig. 1.—View of 298 L, an incomplete stone. 

Fig. 2.—Opposite view of 298 L, showing a rough secondary crust, S, on 
two faces, the usual smooth crust, 0, doming up well in contrast. 
F is a fracture surface. 

Fig. 3.—View of 298 M, an incomplete stone. 

Fig. 4.—^View of 298 M. 

Fio. 5.—>Side of 298 M, adjacmit to Fig. 3 above, showing numerous dep« 
ressiODS. 

Fig. 6.*—Bide of 298 N, an almost complete stone. 

Fio. 7.—Opposite side of 298 N, show^ sbaMow dofuessioii^ badl^devvd* 
oped flow lines, and some minor omsUess areas. 
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PliATS 13, Fio. 1. —^PhotomioroOTaph of 298 K, thin section 23884, showing an eccen¬ 
tric ohondnis composed of lameHee of olivine, clinoenstatite and 
enatatite, and grains and larger crystals of nickcl-irou and troUitc 
(both bl^k), olivine, enstatite (rare in this photo) and colourless 
T apatite, x 16. 

Fio. 2.—PhotomifSTOgraph of 298 K, thin section 23885, showing the general 
structure of the stone. A granular olivine aggregate, larger 
olivine orvstals, enstatite (lighter colour) and troUite, magnetite 
and nickel-iron (last three black) may be seen, x 36. 

Fio, 3.—Photomicrograph of 298 K, thin section 23886, showing a triangular 
section of colourless apatite surrounded by grains, lamellie and 
crystals of olivine, with other crystals of olivine, clinoenstatite 
enstatite, and nickel-iron and troilito (last two black). X 36. 
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The Tirupati and Bahjoi Meteorites. By M. S. Krishnan, 
M.A., Ph.D., A.R.C.S., Assistant Superintmdent, Geologi¬ 
cal Survey of India. (With Plates 14 to 18.) 
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I. INTRODUCTION. 

Mention has already been made*, in the General Report of the 
Geological Survey of India for the year 1934, of four falls of meteor¬ 
ites in India during that year. Material representing only two of 
the falls has been picked up. A description of these will be given 
in this note. 


II. TIRUPATI STONE METEORITE. 

This fell at about 6-30 p.u. on the 20th March, 1934, in the Sakam- 
varipalle hamlet of Nennoor^, which is described by the local 
authorities as situated about six miles to the south-east of Tirupati 
(13° 38': 79° 25'), a famous place of pilgrimage in the Chittoor 
district of the Madras Presidency. 

The meagre report of an eye-witness, recorded by the local police 
official, states: 

' The meteorite oame from the north-eaet towuds the south-west with a Hran* 
dering noise and fell close to his house with a flash of lightning, creating a dei»esBion 
on the ground as it fell. The stone was rectangular in shape, about 0 in. x4 iruxS 
in. Two persons witnessed this incident.’ 

Another piece was picked up from a garden amidst the 
of Sakamvaripalle. Some boys who saw the fall were not able to 
give any particulars. 

^ fire. (Ted. Bvn. Ittd., LXtX, pp, 18-16, (1838). 

■Netmoorisnottobefoundinthemaptsheet 870/8, in the location indkated hv the 

loeal authorities. Thoe is a Nennnhi nx miles due south of IlnuMti. 3he 
from llrapati was enoneously giren as north-east in the OsnsMl Heport Ibr 1934. 
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Three pieces from this fall were received by the Geological Survey 
of India through the Director-General of Observatories at Poona, 
and two more and some small fragments were later received direct 
from Puttur. Two fragments, of a total weight of just over one 
gram, were used up for making thin sections. The weights and 
specific gravity of the remaining material are as given below:— 


Piece. 

Weight. 

Sp. gr. (26-C.). 

I . 

81*7870 grams. 

3*603 

II . 

46*2540 „ 

.... 

m . 

28*0046 „ 

3*617 

IV . 

16*2207 

.... 

V . 

36*0096 

« t • • 

Fragments . . . . • 

22-2070 „ 

• • • • 

Total Wbioht 

230*3729 grams 



The pieces (Plate 14) are all small in size, none being more than 
two inches across, and irregular in shape. A thin black fused crust 
is 8€‘en over only parts of the pieces, as the original lumps had been 
broken up before they reached the local authorities. There are also 
slight depressions on the surface but no definite flow lines from which 
the direction of flight could be inferred. The broken surfaces of Nos. 
II and IV are light grey in colour and fresh-looking, while those of 
the others are stained brown in places because of slight weathering. 
They are fairly compact in texture but vrith a slight tendency to 
friability* Spherulitic chondri as well as minute specks of nickel* 
iron and of metallic yellow troiUte can be seen. 

Under the microscope (thin section 23887) a few rounded chondri 
are seen but the major part has a granular texture. The most 
prominent mineral is olivine, which occurs as comparatively large 
individuals* Bnstatite is also fairly abundant, while the mineral 
giving oblique extinction may probably be clinoenstatite. In 
places a distinct porphyritic structure is seen. In one slide a rounded 
grain of olivine shows a rim of a different mineral, which may be 
eufitatite* The granular ground mass contains the above-mentioned 
mi well as a large number of grains of troilite and nickel- 
im* A few grains^ distinotly dark^ and comparatively sub- 
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metallic in reflected light, may be magnetite. Besides, there are 
some individuals showing weak birefringence but they are too small 
to be identified with certainty, especially as the sections happen 
to be somewhat thick. 

The Tirupati meteorite can be classed as a white chondrite^ (Cw) 
in Brezina’s scheme. It has been registered under No. 297 among 
the stone meteorites in the collections of the Geological Survey of 
India. 


lU. BAHJOI IRON METEORITE. 


The Statesynan of Calcutta of the 2nd of August, 1934, contained 
the following news item sent by a correspondent of the Associated 
Press from Moradabad :— 

‘ What is believed to be a piece of meteor which was seen at Delhi and in several 
neighbouring districts in the United Provinces on the night of July 23rd, has been 
brought to headquarters (Moradabad) by the station office of the Bahjoi Police 
Station in the Mortidabad district. 

It is like a piece of iron, dark in colour, irregular in shape, somewhat resembling 
a triangle and being throughout covered with holes more than an inch in diameter. 
It is about a foot long and an inch thick but muoh heavier than iron. It weighs 
11 seers and 12 chkatalcsr It glistens in two or three places like silver and is imper¬ 
vious to heat. 

It appears that two days after the fall of the meteor, some cow'herds, while 
grazing cattle in the village of Chandankuti, saw something protruding from the 
ground which they dug out and sent to the Police. ’ 

The Delhi edition of the same newspaper of the 24th July, 1934, 
reported:— 

‘ Delhi residents had the thrill, at 9-35 last night, of seeing the ground lit up for 
about 20 seconds by what seemed to be a meteor. They state that it disappeared 
into the east, emitting a bright bluish light. It is reported to have fallen at Hapur, 
about 40 miles from the city, where people hired tongas (pony carts) and searched 
the district for the supposed meteor.’ 

The science monthly, Current Scimee of Bangalore, contained the 
following note on page 84 of its August, 1934, issue:— 

‘ An unusml meteor, —Mr. Zakiuddin of Aligarh University writes: On Monday 
the 23rd July, 1934, at 9*30 p.m. an unusual meteor appeared above the clouda that 


^ My colleague, Dr. A. L. Cuulsoti, who cisamined the thin aectioEUi, fonitd Stueli 
similarity between this and the Peipeti meteorite which ho has dea^bed (aee im. 
123-143). 

* Equivalent tp about 10*903 kg. 
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]iov^»d over the horizon of Aligarh. The meteor started from the south-west 
and travelled south-east at about 50° (above the horizon) with unusual brilliance, 
lighting the ground for about 15 seconds. At the beginning it apiieared like a ball 
of fire that afterwards developed a source of extraordinary light. J^ater on it 
began to emit bright bluish light and split into two portions at about 20*^ from the 
horizon. It is said to have fallen near Hapur, about 40 miles from Delhi.’ 

Enquiries by the authorities of Delhi, Meerut, Hapur and other 
neighbouring places revealed that no meteorites were found in those 
places. Though there was no eye-witness to the actual fall at 
Chaadankati Muazam (28^ 29': 78^ 30' 30"), wdiicli is situated at 
about nine miles south-west of Moradabad and miles north-west 
of Bahjoi, there is little doubt that the piece recovert^d from there 
belonged to the phenomenon described above. 

Mr. li. B. Connell, a retired officer of the Indian Service 
of Engineers and a resident of Moradabad, reported that when the 
meteor w'as noticed over Moradabad, fragments appeared to be 
falling off from it. He photographed the piece when it was brought 
into Moradabad (Plate 15) and found the weight to be nearly 23 lbs. 
After the photograph was taken, the District Magistrate had the 
meteorite sent to the railw^ay workshops in that town for being cut 
up, so that by the time the Geological Smvey of India could claim 
it, it had been cut into two halves right across the middle. Plate 
16 shows the appearance of the pieces (in position relative to each 
other) as they are at present. 

Enquiries made by the Tafmldar in charge of the Bahjoi area 
elicited only the following information, as given in a report made 
by him on the 13th August, 1934 

‘ In the village Ohandankati Muazam w here the piet*o of meteor fell, I examined 
the There could be found no eye-witness, us the field in which the }»iece W'as 

found IS far from habitation and it was dark on that night, it fell on tlu* 23rd of 
July, 1934, betwetm 9 and 10 o’clock at night. It was found by the cowherds (ihasi 
and Jagram who were grazing cattle. One of the j)omts was projecting upwards 
four or five inches above the earth. They found it on the third day of its fail (z.c., 
25th July) at about 12 noon. They took it to the village, and alter a day or two 
the Chowkidar took the piece to the Sub-lnspeetor of Police of Bahjoi who took 
it to headquarters. 

The cowherds state that it was 10 or 11 seers in weight and looked like 
rusted ok! iron of black chocolate colour. They state that tiny saw a dash uf ligl t 
in the heavens at about 9 or 10 in the night due to which their eyes wem dazzled, 
and iutther they saw nothing except that they heard three low sounds as if guns 
wm fired, and it appeared as if something huge fell from the sky on the earth. On 
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the spot I could not trace any cracks, etc., as the place had been dug 
when the Sub-Inspector of Bahjoi visited the place.* 

As mentioned above, the meteorite had been cut into two across 
the middle, before it was received by the Geological Survey. It 
has the usual battered appearance due to a series of broad sWUow 
dq>ressions on the surface. It is triangular in shape, measuring 
about 12 inches X 10 inches x 9 inches with a maximum thickness of 2^ 
inches. As received, the two halves weighed respectively 6,627*32 gms. 
and 4,795*22 gms. (total 10,322*64 gms.) After polishing and, 
etching, the larger piece weighed 6,609*67 gms. A small quantity 
of filings was also received but it is mixed with coarse emery powder. 
The specific gravity of one of the pieces was determined as 7*73. 

The pieces are covered over with a thin black crust. The mote 
prominent edges between the depressions have been worn to some 
extent, exposing the firerii white metal. This must have occurred 
mostly when it was handled in the workshops at Moradabad. On 
examination, the crust shows a series of fine raised lines crossing 
irregularly in different directions. In places, evidence of fusing 
and of incipient flow can also be seen. Occasionally the crust is 
seen to be composed of more than one layer. The edges are fairly 
well rounded, showing that the piece had been in flight for a while 
after it became a separate entity. 

The sawn surface shows a few small patches of troilite, the rest 
being a uniform mass of nickel-iron. 

The sawn surface of the heavier piece was levelled down so as to 
obtain a plane over a good part of it. It was then polished on 
leather with putty powder. The polished face was etched by 
immersing it in 6 per cent, nitric acid for 3| minutes.^ The appear¬ 
ance of the etched face can be seen in Plates 17 and 18. It shows 
that the meteorite belongs to the same class (Coarse Octahedrite) 
as the Samelia meteorite and has the same characteristics.^ The 
kamacite bands are broad and coarse and cross in three directions. 
They are often bordered by thin streaks of bright tsenite, and enclose 
some angular spaces which are also mainly kamacite. 

The meteorite has been registered in the collection of the Geolog¬ 
ical Survey of India under No. 176 (iron meteorites). 

^ * Additional Note on the Samdia Meteorite', Bee* OeU Buev* 

Xnd,, LXV, Ep. iei462, (1981). 



^ABT 2.] Krishnan : Tifupati and 6ahjoi Meteorites. l4d 

IV. EXPLANATION OP PLATES. 

PtATB 14, Ro, 1.—Tirupati Meteorite (297), front view. 

Fig. 2.—^Tirupati Meteorite (297), back view. 

FLatb 15.—^Bahjoi Meteorite (175), before cutting (Photo : R. B. ConneJl). 

Plate 16, Fia. 1.—^Babjoi Meteorite (175), front view. 

Fig. 2.—Bahjoi Meteorite (175), back view. 

Plate 17.—Etched face of Bahjoi Meteorite (175), (x4*2). 

Plate 18. —Etched face of Biihjoi Meteorite (175), (X2*6). 
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Ostrea {Crassostrea) gajensis FROM NEAR BaripADA, MayoR- 
BHANj State. By F. E, Eames, B.Sc., A.R.C.Sc., F.G.S. 
Paleontologist, Messrs. The Burmah Oil Co., Ltd. 
(With Plate 19). 


CONTENTS. 

Page. 

I. Dbscbtption .160 

n. Explanation op Plate .151 

I. DESCRIPTION. 

Genus : Ostkea, Linne, 1768. 

(Genotype: 0. eduUs, Linne, Recent, see Children, 1823). 

Sub-genus : Ceassostbea, Sacco, 1897. 

(Genotype: 0. virginiana, Gmelin. Recent, original designation). 

Ostrea (Crassostrea) gajensis, Y'redenbnrg. 

(PI. 19 ; Figs. 1-3). 

Ostrea sp, P. N. Bose. ‘ Notes on the Geology and Mineral resources of Mayurbhanj * 
Mec. Oed, Swrv, Ind„ XXXI, Pt. 3, p. 167, (1904). 

Ostrea gajensis, Vredenburg. ^ Descriptions of Mollusca from the Post-Eocene 
Tertiary Formation of North-West India; Gastropoda (in part) and Laznellibranohiata *, 
Mem, Qed. 8urv, Ind,, Ia, Pt. 2, p. 423, PI, 24, Fig. 1, (1928). 

The material consists of six specimens (Geological Survey of 
India, Registered No. K. 8/341), which were kindly lent to me by 
the Geological Survey of India. At the suggestion of the Director, 
Geological Survey of India, and by the courtesy of the Burmah 
Oil Co., Ltd., the results of the examination of the B|iecimens ate 
here placed on record. 

Four of the specimens appear to me to be identical with Ostrea 
(Crassostrea) gajensis, Vredenburg; the remaining two specimens are 
not identifiable specifically, although one (a small fragment) shows 
ornament similar to that of Ostrea (Crassostrea) gajensis. In P. N. 
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Bose’s paper the specimens are stated to have affinities with Ostrea 
m%Mico9tata, Deshayes and Ostrea torresi, Phillipi, but both these 
species belong to the sub-genus Ostrea (sensu strictu). The Baripada 
specimens have the large, massive ligament area of the sub-genus 
Crassostrea. The form and ornament agree well with Vredenburg’s 
figures. The Nari species Ostrea (Crassostrea) fraasi, Mayer-Eymar, 
is related, but the Baripada specimens are larger and the lower 
valve is more massive (see Vredenburg, loc. cit.). 

The specimens were found in yellowish and yellowish-brown 
limestones in the bed of the Barabalang river at MoUa, two miles 
south of Baripada (22° 0' 0*: 86°), Ostrea (Crassostrea) gajensis 
is recorded by Vredenburg (loc. cit.) from the Upper Gaj of North- 
West India, and also from Burma. Specimens from the Burmah 
Oil Co.’s collections from the Burma tertiaries all come from the 
Lower Miocene. It therefore appears very probable that these 
Baripada limestones are of Gaj (Lower Miocene) age. 


II. EXPLANATION OF PLATE. 

Plate 19, Fig. 1.— Oatrea (Crassustrea) gajensis, Vredenburg. Left valve, external 
view, Regd. No. K8/341a. Near Baripada. 

Fio. 2.— Ostrea (Crassostrea) gajensis, Vredenburg. Left valve, internal 
view (another specimen). Regd. No. K8/3415. Near 

Baripada. 

Fig. 3,—Oslrea (Crassostrea) gajensis, Vredenburg. Right valve, internal 
view (another specimen). Regd. No. K8/34lc. Near 

Baripada. 
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The Occurrence of Matonidium and Weidiselia in India. 
By B. Sahni, Sc.D., F.R.S., Professor of Boimy, Univeraty 
of iMcknow. (With Plates 20 to 24.) 

CONTENTS. 

Page. 


I.-^lNTBODUOIIOir. 162 

n.—DEBdomoK.163 

in.— ^DisotrssioE.167 

IV.—^BiBUOGiuPHy.160 

V.— Exflanatiov ot Plates .163 


I.-INTRODUCTION. 

The fossils described in this paper were collected by Dr. A. M. 
Heron, Director, and Mr. P. N. Mukerjee, Extra Assistant Superin¬ 
tendent, Geological Survey of India, from the Ahmednagar sandstone 
in a small rodry knoll, two miles north by east of Ahmednagar 
(Himatnagar; 23® 36': 73° 2'; sheet 46 A/14) near where the 
sandstone rests unconformably upon the granite. 

The name of the town was changed from Ahmednagar to Himat¬ 
nagar after it became the capital of Idar State, and the change 
avoids confusion with the other Ahmednagar in the Bombay Presi¬ 
dency. 

The locality was first noted by Mr. C. S. Middlemiss,^ but he 
was able to obtain only dubious plant remains, entirely unrecognis¬ 
able. Dr. Heron examined the other locality, Berna, tended to by 
Middlemiss, but found none. In B. B. Foote’s ‘ Geology of Baroda ’ 
and Sambasiva Iyer’s ‘Sketch of the Mineral Besources of the 
Baroda State ’, the Ahmednagar sandstone was regarded as Eocene. 
Middlemiss, by analogy with the Dhrangadra freestone^ of north¬ 
east Kathiawar (Umia stage. Upper Gondwana, Jurassic or Cretaceous), 
the Songir sandstone^ of Baroda (marine Cretaceous) and possibly 
the Banner sandstone* of western Bajpntana^, considered it to be 
Cretaceous. 


1 Mem. Oeol. Sum. Ini., XLIV. Pt. 1, p. 142, {U23}. 

< Fedden, F., Mem. Qtd. 8wv. Ini., XXI, Pt. 1, p. 68, (1884). 

> SambasiTa Iver, ‘ Skatdi of the Mineral Beeouroei of tibe Baroda State 
•Blanfoid. W. T., Bee. Oeol. Bun. Ini., X, pp. 11. 18, (1877). 

* Touo^ T. D., Mem. OeoL Bun. Ini., xXXV. p. 83, (1902), 
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The matrix is a coarse, brown or pink coloured ferruginous rock 
which breaks up very irregularly under the hammer, so that only 
fragmentary specimens of the fossils can be obtained. It has, 
however, been possible to identify with certainty the two Wealden 
genera Matmidium and Weichsdia, neither of which was previously 
known from India. This small collection therefore affords the first 
evidence of the existence of a Wealden flora in this country. 

My best thanks are due to Dr. A. M. Heron for kindly placing 
this interesting collection at my disposal for description. To 
Professor Sir A. C. Seward, F.E.S., I am grateful, as on many previous 
occasions, for his kindly reading the manuscript and for valuable 
suggestions. My sincere thanks are also due to Mr. W. N. Edwards 
for important remarks concerning the indeterminate fragments. 
The photographs were made by my assistant Mr. K. N. Eaul, M.Sc. 
To my wife I owe valuable help in drawing the restoration of Matoni- 
dium indieum reproduced in Plate 24. 

II.-DESCRIPTION. 

Matonidium indicium, sp. nov. 

(PI. 20, figs. 1-7; PI. 21, figs. 1-6; PI. 22, figs. 1-4; PI. 24). 

A species closely allied to M. goepperti, Schenk* but differing 
chiefly in the fact that the pinnae or “ rays ” are fused below into 
an incompletely funnel-shaped lamina at the top of the petiole. 
In one of Sche^’s figures of M. Goepperti (PI. XLII, fig. 1) ^ere is 
a faint suggestion of fusion of the pinnae at the base, and Mr. W. N. 
Edwards informs me that one of the Yorkshire specimens in the 
British Museum shows a ‘ slight fusion at the base, but not more 
than a millimetre—certainly not a fuimel ’. The funnel-like expan¬ 
sion therefore constitutes a well-marked diagnostic feature of the 
Indian species. 

Plate 20, figs. 1-2 and 6-7 are natural size photographs of counter¬ 
parts of two fronds. In figs. 1-2 the lower portions of several radiat¬ 
ing pinnae are seen to converge towards the top of the petiole. The 
pinnules diminish in length proximally, the frilcate character at the 
same tme becoming less pronounced. The lowermost pinnules are 
reduced to short roimded lobes. In fig. 2 a portion of the funnel- 
shaped expansion is preserved at /. Figs. 6 and 7 show a similar 


A,. POmritogmpImn, Vd. Xp. <18711. 
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specimen seen from the adaxial side, where the funnel is incom¬ 
plete. This fragment is important beoause it shows the charac¬ 
teristic pedate mode of branching and the thickened adaxial rim 
of the funnel where it dips towards the petiole in a broad V-shaped 
incision. The pinnules are not preserved but their points of attach¬ 
ment are clearly marked on some of the rays in fig, 7. In fig. 3 
(enlarged about two diameters in fig. 4) the funnel is seen from 
the abaxial side, with the scar of the petiole placed in such a position 
as to indicate that the basal margin of the lamina must have been 
continuous round the top of the petiole on the adaxial side. On 
either side of the median ray (the central ray of fig. 4) which lies in 
the continuation of the main rachis, there must have been at least 
ten lateral rays. The frond was no doubt built on a monopodial 
plan, but. a view from the adaxial side gives a deceptive appearance 
of dichotomy. Fig. 6 is a lateral view of the funnel. 

Plate 21, fig. 1 is a view from the top of the funnel, looking 
down into the cavity left by the decayed petiole. On the right 
several rays are indistinctly preserved, running almost horizontally 
outwards. In fig. 2 is shown the counterpart of this specimen, 
in which one of the rays is preserved for a length of about 14 cm. 
At r the longitudinally ribbed character of the rachis is clearly shown, 
but this may be a concealed feature shown up by the decay or 
shrinking of the softer tissues covering the vascular bundles. The 
main petiole seems to have been flattened at the top {see fig, 1), and 
the smooth outline of the cavity left by it in this specimen indicates 
that the ribs are a deep-seated feature. Numerous ribbed fragnoeents 
like the one shown in fig, 4 are found among the remains of the 
pinnae {see Plate 20, figs, 1, 6). Similar axes, but of much greater 
thickness, have been attributed by Edwards^ to Weichselia reticulata. 
Although this species is also represented in our collection, the 
Mutonidiufifi is far more abundant, and I am inclined to refer these 
thinner axes to the latter plant. 

The characters of the markedly convex pinnules are well seen 
in Plate 21, figs, 6, 6, and Plate 22, figs, 1-4. The oblong or elliptical 
sori, which are placed transversely in a double row on each pinnule, 
are marked with an elongated central depression, as in Jfcf, goepperH* 
As in that species, the sori extend to the very tip of each pinnule. 
Our Plate 22, fig, 3 may be compared with Prof. Seward’s figure of the 

1 Edwards, W, K., Am. Mag. Nat. Hkt., Sen 10, X, p. 406, (1682). 
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latter Hpecies.^ It has not been possible to deinareate the indusiuni, 
as the matrix is very coarwi. jfor the same reason I have not been 
able to obttiin any spores, nor to ascc'rtain the form or structure 
of the sporangium. Viewed from above each pinnule shows a deep 
groove along the midrib and a similar groove marks the position 
of the main rachis of the pinna. In transverse fractures the pinnules 
are seen to be strongly revoliite (Plate 21, fig. 6). In this sketch 
the blank parts show the decayed tissues of the pinnule, seen as a 
cavity in the matrix, which is shaded. The dotted line indicates 
that the adaxial groove along the midrib was not so deep in the 
actual pinnules as might appear from their mode of preservation 
as moulds. Nor w’^as the lamina at all so thick as a view from above 
might appear to indicate. At the same time it .seems clear that 
the texture was coriaceous, because the foTTii f)f the pinnules has 
been left intact inspite of the coarse nature ()f the matrix. 

The vsterile pinnules (Plate 20. fig. 2 s) are not so thick as the fertile, 
but like these they were probably (‘oriac(M)us. The furcate veins 
are clearly seen in Plate 22, lig. 2. 

Di(igp}OHU,--Vei\oh adaxially flattenc<l, taj)ering upwards, and 
expanding at the top inio an incompetely funnel-shaped lamina 
about 1*5 cm. in diameter from which at least 21 pinnae radiate : 
that is, at least 10 on either side of the m(‘diau ra}. Base of 

lamina continuous over the adaxial side of the petiolar apex 
(almost peltate attachment). Pinnae at !ea.st 15 cm. long; 

pinnules thick, coriaceous, wdth a deep adaxial groove marking the 
midrib. Proximal pinnules sliori and rounded, the rest more or less 
strongly falcate, diminishing in length towards the apex of the 

pinna; margin revolute, veins furcate. 8ori elliptical, contiguous 
in two rows on each pinnule, with a transversely elongated central 
depression as in M, goepperti. (U. 8. I. Type Nos. 15,778 to 15,788). 

Weichselia reticulata, 

(PL 22, fig. 5 ; PI. 23, figs. 1-7). 

This widely distributed and probably xerophytic fern is 

represented only by a few small fragments of sterile pinnae, but tJiere 
can be no dotibt of its identity. The bipinnate character of the 
frond is seen in Plate 22, fig. 5. The thick and (onvex, cllipticaL 

^3«war4» A. 0^ Brit, Catalogue, p. 76, %. 7a, (IIMX)), 

D 
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pinaules, Bometimes slightly falcate, are attached by the full width 
of the base. As seen from the adaxial surface they show a deep 
median groove which stops short of the broadly rounded apex. 
The characteristic reticulate venation, preserved only in a few 
places, is well seen in Plate 23, figs. 5, 6. The ‘ butterfly ’ position 
of the pinnules, described by several previous authors, is not seen 
in our material, nor is it a constant feature of the species. But 
the paired scars of the vascular bundles in Plate 22, fig. 5 show 
clearly that the pinnules were placed close to the median line of 
the rachis, no doubt on the adaxial side. This figure also shows 
the characteristic sweeping curve in the lower part of the secondary 
rachis. Another feature of Wdchselia is the reflexed basal pinnules. 
Plate 23, figs. 3, 4 show two reflexed pinnules, but it is not possible 
to say whether they are basal in position. 

The ribbed axes seen in Plate 20, figs, 1, 6, and Plate 21, fig. 4, 
recall those assigned by Edwards to Weiohselia but they are not 
nearly so broad, and I have given reasons to attribute them to 
Matmidium. 

The discovery of IT. retiovdata in India considerably extends 
the distribution of this species and constitutes important evidence 
in support a Lower Cretaceous age for the Ahmednagar (Himat- 
nagar) sandstone; although, as Edwards has pointed out, the species 
cannot be regarded as decisive of a particular horizon. 

Gothan has suggested that Weichselia reticulata was most pro¬ 
bably a xerophytic fern inhabiting sand-dunes. In the present 
case there is no evidence of desert conditions. According to a report 
kindly supplied by the Director of the Geological Survey of India 
the matrix is a coarse-grained false-bedded sandstone deposited in 
shallow water in a river bed or on the shores of a lake, though possi¬ 
bly with sand-hills in the vicinity. 


Sphenoperis {? Ooniopteris) sp. 

(PL 23. fig. 8.) 

These sterile feagments of a sphenopterid leaf show a number 
of cuneate segments attached at an acute angle and supplied by 
forked veins. Possibly they represent a new species but the material 
is quite insufficient to show the variations. A riight oompturison 
may be made with S. {Ooniopteris) bmejensis, Zalessky sp., a Jurassic 
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species from Amiirland described by Professors Zaiessky^, Seward^ 
and Kryshtofovich*; but, as Mr. Edwards observes (in a letter 
to me), similar sphenopterids are also known from the Cretaceous, 


? Sphenopieris sp. 

(PL 23, fig. 9.) 

This solitary specimen sliows a number of narrow pinnules placed 
obliquely upon a rachis. Each pinnule has a slightly sinuous margin 
and faintly shows a furcate venation. Mr. Edwards suggests that 
this fragment might belong to Cladophlebis dunkeri. 


? Thinnfeldia sp. 

(PL 23, fig. 10.) 

The fragment of fern-like pinnae with simple or furcate veins, 
here shown three times enlarged, recalls some species of Thinnfeldia^^ 
but it would be unsafe to attempt to identify them with any known 
plant without further data. Edwards would place it provisionally 
under Cladophlebis and suggests comparisoii witli Schenk’s figure 
of ‘ Alethopteris ’ huUoni^, 


ni,-~DISCUSSION. 

The chief interest of this small flora lies in the fact that it extends 
the known geographical distribution of two widespread genera of 
xerophytic ferns, and in the evidence which it affords of the geolo¬ 
gical age of the Ahmednagar (Himatnagar) sandstone. The age of 
the flora cannot be fixed with absolute certainty, but there seems 
very little doubt that it is Lower Cretaceous and it corresponds 
most probably to the Wealden. 


iZaleaeky, M. B., BuU. Com. CM. St. PUenh., t. 23, (1904). 

» Seward, A. C., Mhn. CtmUi Oiol. Livr, 81. p. 22, PL 1, figs. 1-5. (1912). 

• KiysiitofoTieh, A, N,, Trav. Mtu. Oiol. Pierre h Grand prie VAc'Mt. Imp. Set. t. 

Vni, p. 85 . ( 1914 ). 

* Seward, A. C., ComUi Oiol. N. S., livr. 38, pi. 1. fig. 11, (I9u7). id.. Trane. 
Boy. 8oc. Mvnh.t 47, p. 675, (1911); Halle, T. G., Wiee. Srffeb. Schwed. Sild-Pol. Kxped. 
190M908. Bd. HI, p. 45, (1913). 

^Sohenk, A.» PcUwonto(puphicat Vol. XIX, FI. XXIX, fig. 1, (1871). 

D 2 



i58 Records of the Geological Ruroey of India. f Yoh. 71, 

The genus Matomdinw is sakl to range from the Mhlcllo JiiruRsic 
to the (hetaieouH*. The renouianian species M. uiemeri^ ties- 
cribed by Kresw'r'*^ from Moravia has quite re<^ently be<*n made the 
type of a noAv Matomlla, by Hinner and Ihairhaiuiner*’ in 

an important monograpli on the recent and fossil Maioniac<‘ae. 
The older and better IcuoAvn species, M. goepperti, Schenk, is kiiown 
from the Inferior Oolite of Yorkshire"^, from the Kimmeridgian 
(Upper Jurassic) of Sutherland® and from the Wealden (Lower 
Cretaceous) of (rermany®, Belgium" and Kngland.® It has also 
been recorded from the Mesojioic of Bussia.^ 

The Indian species, being new, cannot strictly be used as an age 
index but, as stated, it is very closely allied to, though not identical 
with, M, goepperti {--M. althausii, Uunker sp.)» the chief difference 
from the latter being the much greater development of a funnel 
at the base of the pinna(\ 

As for the Weichselia, there seems no doubt of its specific id(*ntity 
with W. reticulata as that species is generally defined, that is, includ¬ 
ing its variants which, at least at present, cannot be satisfactorily 
distinguished from the tyj)e. This is a much more widely distri¬ 
buted plant, and it is also a better index to age than the Matonidium. 
All the known records lie within the Cretaceous and most of them 
in the Wealden, of which it is regarded as a leading species. As 
Edwards^® has justly pointed out, however, the species ranges through 
all the stages from the Neocomian to the Cenomanian, hence conclu¬ 
sions as to the age of a stratum cannot be safe if based solely upon 
the occurrence of this species. For a critical review’ of W. reticulata 
from all aspects (structure and affinities, geographical distribution, 
geological range, ecology, etc.) the reader should refer to the 
important paper by Edwaixls just cited, where most of the literature 
is given. In strata regarded as Lower Cretaceous this plant has 


^ Poiouie, H. und Gothan, W., T^ehtbuch der Palieolwtanik, p. 4JI, (1921). 

^Krasser, F., Beitr, Pal, Oeol, Oesi,-Ung. a. d. Orients, Bd. 10, Heft 3, (1806), 

^ Hirmer & Hoerhamraer, Pahpmtograplw'*i^ Vol. LXXXl, Abt. B., p. 47, (1030). 

^ Seward, A. C., Brit. Mus. Catalogue, p, 70, (1900). 
s Seward A. C., Trans. Roy. Soc. Mdinb., 47, p. 662, (1911). 

^Schenk, A., Palceontoqraphica, Vol. XIX, (1871). 

’ Seward A. 0., M6tn. Mus, Roy, d'Hist, Not. Bdg„ 1, p. 10, (1900); id,, Foeail Plants, 
Vol 11, p. 361, (1910); id., Wealden floras, Hastings and E, Sussex Nat, 2 (3), p. 133, 
(1914). 

«Seward, A. 0., Brit. Mu». Catalogue, p. 62, (1894). 

« Kiyshtofovioh, A. N. and Prinada., Mesozoic flora of U, S* S. II*, p. 49, flg. (1834), 
w Bdwaids, W. N., Arm, Bat. 47, (186), p. 339, (1933). 
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been recorded from England^, Belgium-^, France*, Germany^ Austria, 
Sweden, Ussuriland®, Japan, North America, Peru®, and probably 
Venezuela; also from Syria, Transjordania’, Darfur® and with some 
doubt from the Sinai peuinsula®. Among the few yomiger records 
tlie most important is that from Egypt^^’ (Baharia Oasis) where 
this fern is said to be associated with a Lower (/Ciioiuanian fauna. 
Other localities in Egypt from which Wnchselia has been recorded 
are shown in a map published in a recent paper by Professor Seward^b 
which contains important observations on the association of this 
fern with dicotyledons. 

The remaining species in the flora are all represented by small 
fragments; these do not seem to be inconsistent with a Lower 
Cretaceous age, but their stratigraphical value cannot be properly 
assessed till their affinities are better known. 

We arc thus left with only two specjes from which to draw what¬ 
ever conclusions we can as to the age of the beds. Taking the 
evidence for wliat it is worth, tlie probability is strongly in favour 
of a Lower Cretaceous age. It would be rash to try to fix the 
horizon more precisely, although IF. reticAilafu is highly characteristic 
of the Wealden, wlierc Matonidinm also occurs. 

The only other Indian flora referred to the Lower Cretaceous 
period is the (Upper Gondwana) Umia flora of Cuteb. This flora was 


* Seward, A. C., Brit. Miis. Catalogue, p. 113, (1894); id,, Fossil Plants, Vol. IT, 
p. 494, (1910); Stopes, M, C., Brit. Mus. Catalogue, p. 3, (1916). 

Seward, A. C,, Mim. Mm. Hoy. d'Uist. Nat. Belg., 1, p. JO, (lOiK)); Boininer, (\, 
Ihill. Boc. Roy. Bot. Bruxelles, Vol. 47, (1911). 

“ Cai’pentier, A,, Mem. Soc. O^ol. Nord. t. X, Lille, p. 122, (1927). 

* Stiehler, A. W., Paloeontographica, Bd. V, (1858); Hosius uiid von dtr Marck* 
Palmmloyraphica, Vol. XXVI, p. XLIII, (1880); Gothan, W., AbbiM. u. Besenrei- 
bungou. Lief. 7, (1910); id., Jahrb. preuaa. ged. fjandminstalt. 43, (1921); PotonuL 
H. und Gothan, VV., Lehrbueh der PalfiDobolanik, p. 44, (1921); SLhiisni, AVz/tv 
Jahrbui'h Min. Oed. PdtaeonUil. Band 64 (B), p. 74, (1930). 

* Kryshtrifovich, A. N., Geology : The Pacili<; Kiissian Invt^stiiion.s. (Published 
by the Ae4wl, of Sciences, C. S. S. IL, Leningrad.), pp. 61, 62 (Upper Nikan Sor = 
VVoaldcn), (1926); wf.. Bull. Com. Vid. Leningrad, Vol. XLVIll, (1929); id,. Amor. 
Jotirn. Sci., XVJll, p 524, (1929). 

•Kenmatm, K., Neuea Jahrl). XXIV, (1907); Zeiller, R., H. de V.icod, Sri., t. 
150, (1910); Seward A. C., Hastings and B. Busses Nat. 2 (3), p. 137, (1911). 

’ Fidwards, W. N., Ann. Mag. Nat. Hist., Ser. 10, 4, p. 396 (Syria), p. 403 (Trans- 
jordania), (1929). 

•Edwards, W. N., Quuri. Joitrn. Oed. Hoc., 82, (1926); id., Ann. Mag. Nat. 11 ini , 
Bm*. 10| X., {1932)* This locality lies at Lat. 13*^ 30' N., Long. 26 K. 

* Inwards, W, N,, Ann. Mag. Nat. Hisi,, Ber, 10, X, p. 400, (1932). 

^0 Hirmer, M., Abh. bay. Akad. Wise. XXX (3), (1925); set5 also Si-ward. A. (led. 
Mag., Decade V, 4, p. 256, (1907). 

^^Beward, A. 0., Leaves of Bieotyleiloiis from the Nubian sandstone of Egypt. Geol. 
Survey of Egypt, pp. 4-6, (1935). 
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formerly regarded as Jurassic, but as the plant-bearing beds are 
said to be interstratified with marine deposits regarded as homotaxial 
with the Wealden of Europe, the flora would seem more probably 
to be of Lower Cretaceous age^. However, till the Umia flora has 
been critically revised, the palssobotanical evidence concerning its 
age cannot be regarded as decisive. So far as I know neither 
WeicJisdia nor Matonidiutn is represented in Cutch. 
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V.-^EXPLANATION OF PLATES. 

All the figures are from unloacJnd pholograghs and, unh^ss olhvruisv 
stated, arc of the natural si^e. 

Pr.ATM 20, Fkis, J, 2.-—MuUmidiunt indtawi, sp. iU)V. Counterparts of a jXHtioa 
of the frond, proximal parts t>l several ‘ra^s ’. 

In fig. 2 a i>ortiou (»f I he funnehshapetl expansion at 
the top of the petiole is preserved at J, and a tt*w' sU ii]<) 
piimulea at s. lU. S. 1. Type Eo. 15, 778.] 
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Figs. 3, indicum, sp. iiov. Funiiel-shaped expanAtou, 

with basal parts of ' rays \ seen from the dorsal aide. 
The point of attachment of the petiole ia preserved. 
Fig. 4, X ca 2. [G. S. I. T^^pe No. 16, 779.] 

Fio. 6.— MaUmidium indicum^ sp. nov. The same, in lateral view ; 

the adaxial side is towards the left; the arrow indi* 
cates the scar of the petiole. [G. S. I. Type No. 16,779.] 

Figs. 6, 7.— MaUmidium indicum, sp. nov. Counterparts of a frond, 
showing the ^ funnel * from the adaxial aide. Note the 
pedate mode of origin of the rays. [G. 8. I. Type No. 
16, 780.] 

Plate 21, Fio. 1.— MaUmidium indicum^ sp. nov. Mould of a funnel-shaped 

expansion, seen from above, with basal ends of * rays ’« 
The elliptical hole in the middle is continued downwards 
as a canal in which the petiole lay. On the right a few 
‘ rays ’ are preserved, x IJ. [G. S. 1. Type No. 
16, 781.] 

Fig. 2.— Matonidium indicum, sp. nov. Counterpai t of the above 

specimen, showing one of the rays preserved for a length 
of 14 cm. The ribbed character of this ray is seen at r. 
The * funnel' at the extreme left of hg. 2 is shown 
enlarged in hg. 3. Slightly reduced. [G. S. 1. Type 
No. 16, 781.] 

Fig. 3. — MaUmidium indicum, sp. nov. Part of the funnel-shaped 

expansion from the same specimen, showing bases of some 
of the * rays ’. x 2^. [G. S. 1. Type No. 15, 781,] 

Fig. 4.— MaUmidium indicum, sp. nov. Kibbed axis expanding at 

the lower end, probably a petiole of this species. Similar 
fragments are seen in Plate 20, figs. 1 and 0. [G. 8. 1. 
lype No, 16, 782.] 

Fig. 6.— MaUmidium indicum. Basal part of a fertile pinna. |^G. 8. 

1.No. 16, 783.] 

Fig. C.— MaUmidium indicum, sp. nov. Transverse section of a 

pinnule, x ca, 16, [G. 8. 1. Type No. 16, 784.J 

Plate 22, Fig. 1.— MaUmidium indicum, sp. nov. Part of a fertile pinna seen 

from the upper side. X 2. [G. S. L Type No. 

16, 786.] 

Fiu* 2.— MaUmidium indicum, sp. nov. PaH of a fertile pinna seen 

from the upper side, x 3. [G. B. L Type No. 

16, 786.J 

Fio. ^.--MaUmidium indicum, ap. nov. Several fertile piftf^tii^ 
showing the lower (sporangiferOua) autfaoe. x 7. 
[G. S. I. Type No. 16, 787.3 

Fig, 4.— MaUmidium indicum, ap. nov. Part of a fertile seen 

from the upper aide. [G. S. 1, Type No. 16, 788.] 
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Fiq. 5.— Weich&dia retimlaUt* Mould of main rachis with parte of 

secondaiy rachieeB attached, showing paired scarg of 
vascular strands of pinnules. [K33/780.] 

Plate 23, Fig, 1.— Weichadia rdieukUdi, [K33/731.] 

Fig. 2.— Weichadia reticulata. |K33/731.] 

Fig, 3.— Weichadia rdiculata. [K33/733.] 

Fig. 4 .—Weichadia reticulata, x 3. [K33/731.] 

Figs. 6, 6.— Weichadia reticulata. Pinnules showing reticulate vena¬ 
tion. fig. 6 , X 6; fig. 6 , X 12. [K33/736.] 

Fig. 1,—^Weichadia reticulata. Distal part of a pinna seen from 
below. X 2. [K33/730.] 

Fig. S.—Sphenopieria sp. Fragments, x 3. [K33/730,] 

Fig. 9.— ^Sphenopteria sp. Fragments of frond. [K33/736.] 

Fig. 10.—? Thinnfddia sp. Fragment of frond. X 3. [K33/736.] 

Plate 24 .—MaUmidium indicum, sp. nov. Reconstruction of a frond as seen 
from the abaxial side. 
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On the Supposed Cretaceous Cephalopods from the Red 
Beds of Kalaw and the Age of toe Red Beds. By M. 
R. Sahni, M.A. (Cantab.), D.Sc. (Lond.), D.I.C., 
Assistant Superintendent, Geological Survey of India. 
(With Plate 25). 
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I. INTRODUCTION. 

In a recent eoniinunication addressiMl tA> the Director, Ch'ological 
Survey of India, Dr. Ooggin Brown expressed doubts regarding 
tlie (let(Tnnnation of two specimens from the Red Beds of Kalaw, 
(li8(-overe<l l)y Dr. Fox in 1929 and later idejitified as Baeulites sp. 
vdffina (0 (No. K24/8()()) and Tumlites sp. cunliffeanm (?) (No. 
K24/8ft')) ))y Dr. Cotter, Referring to these specimens Dr. Fox 
wrote*^ ‘ Unfoitiinaiel^ the matt^rial was exceedingly fragile and eaaily crimibled 
t/) pieccH. In spite of the greatest care only two sjKHdmens survived the train ami 

HOii journevH to (Calcutta.The Hpe<*ifle detfu’minations are <»f course open 

to emendat ion, but Dr. (V>tTx»r was in no doubt that thes^^ i^phalop^xls were similar 
to thoMO in the Trichinopoly beds of the Madras P-oromandel C(wi8t, which are Upper 
(Ariyalnr) t(> Middle (Ctatiir) (Vetaceous in age.’ 


1 Bee. Oeol Sutv. /«d„ LXIII, Pt. 1, p. 184, (1930). 
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II. ^CONDITIONS OP DEPOSITION OF THE RED BEDS OF 

KALAW AND THE NAMYAU SERIES. 

hi l)r. Brown’s opinion, thn Mosozoir bods of the Southern Slum 
States are sul)-ct)ntiii(*ntal or lagoonal and locally, as at Kalaw, 
continental. He therefore expresses surprise at the occurrence of 
(jephalopods in the. Red Beds at Kalaw. The writer made a careful 
search in this locality on more than one ocicasion, })iit was unable 
to find any trace of organics remains. He was, however, mucli 
impressed, during the course of his work in the Northern and more 
recently in the Southern Slian States, by the lithologi(*aI similarity 
between the Namyau series of the Northern Shan States (which, 
however, contains limestone bands) and the R(‘d Beds of Kalaw. 
The Namyau series, coiiqh)sed of reddish or pur})lish sandstones 
and shales and interstratificHl fossiliferous limestone bands, are, 
according to La Touche^, probably of a continental cliaracter, l^eing 
depositi'd ' along the shor(‘ of a shallow sea ext(‘uding northward 
into Cliina’. HoAvever, in the writer’s opinion, the absence of 
cephalopoda in th(‘ Namyau stoics has no relation to the depth of 
the sea in which tliese IxmIs were de]) 08 ited • the dct(*rmining factor 
was probaldy ati e(‘oh»gical or g(*ograpl)i<*al one, for tlie association 
of ammonites with ])rachiopo(l forms (almost exclusi\elv species 
of Hohothyris and Ilunnirhyachia) present in the Hniestoiu' bands 
interstratified with the Namyau series would not be at all surprising. 
In regard to the lied Beds (Namyau series) of tlie Northern Shan 
States, tlien, th(’ term ‘ shallow water marine ’ perhaps more* aptly 
describes the comlitions of (h'jjosition than ‘ continental 

III. -^-INORaANIC NATURE W THE KALAW SPECIMENS. 

In view of the fact that the (Vetaceous age of the Red Beds 
of Kalaw was deduced solely from only two poorly preserved and 
doubtful specimens, it was considered devsirable that the specimens 
should be re-examined and their determinations established, since 
the writer did not think that they wi^re cephalopoils. This was 
done by Dr. L. F. Spath of the British Museum (Natural History), 
London, who very kindly examined the specimens and not only 
agreed with the writer s conclusions that they were not cephalopods, 
but went a step further and <ieclared that specimen No. K 24/860 

1 Mum. (M, Burv. Ind., XXXIX, p. 308, (1913). 
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(the one which showed traces of structure that could be mistaken for 
organic) was also of inorganic origin. He wrote: 

‘ I have no hoHitation in saying that they (the speoiinena) are not even organic, 

leave alone Oephalopods.and it seems inoomprehensible how these identi- 

tioations as Bamditc>s and Turrilites (and oven species) could over have boon made 

IV.—DESCRIPTION. 

A brief description of the specimens may be given. 

Specimen No. K 24/865 hardly deserves a description. It is 
a soft, brick-red or purplish crumbly sandstone with tubular ferru¬ 
ginous concretions and does not betray the least trace of organic 
structure. The other specimen (No. K 24/866), which was probably 
cylindrical, is incomplete at one end. The portion preserved is 
about 31 inches in length and gently tapers towards the broken 
extremity. Two slight depressions at the complete end divide it 
into three lobes, of which the middle one is acute and fairly well 
defined. A sharp ridge, probably of secondary origin, due to 
pressure, runs ^ dorsally ’ along one side of the specimen. The 
specimen is ‘ dorsally ’ convex, and apparently segmented (PI. 25, 
figs. J-3), a character wliich may be compared with segmenta¬ 
tion as seen in crustaceans or may even la* vaguely reminiscent 
of costatiou as in cephalopods. It was probably the latter character 
which led Dr. Cotter to compare this specimen with Baoulites vagina^ 
for oil the slightly weathered surface of the figured specimen of that 
species'^ the ornamentation appears somewhat similar, though it 
could not possibly be mistaken for it. Near the unbroken extremity 
of the specimen from Kalaw certain markings give the impression 
of lobes and saddles but they are so ob viously of a superficial nature 
that they need not even be considered. 

V.—AQE OF THE RED BEDS. 

As a correlation between the Mesozoic beds of the Northern and 
Southern Shan States, based upon and undoubtedly influenced by 
the previous determinations ^’of these specimens as Cretaceous oepha¬ 
lopods, has been provisionally proposed by Dr. For*, this will need 
revision. ‘ Thus we are now unable to assign confidently a Cretaceous 
age to the Red Beds of Kalaw, and the correlation of the Namyau 

^ In a letter addressed to the Director, Geological Survey of India. 

* Pd. Ind., Her, I and lU., Voi. 1, PL XCI, fig. 4. (ISM). 

* Mec. Oeol. Surv . Ind., LI^I, Pt. 1, Table on p. 196, (1930). 
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shales (supper part of the Namyau series, according to Buckman^) 
of the Northern Shan States mth the Cretaceous rocks of Southern 
India becx)mes ipso fmto, untenabh*. It may, however, be stated 
that in the area surveyed by the writ^^r, this division, of the Namyau 
series into a lower and an upper division as suggested by Buckmaii 
has not been recognised and in the writer’s oj)inion cannot be main¬ 
tained. 

Recently Mr. E. L. G. Clegg has discovered an argillaceous lime¬ 
stone containing Orbitolim at a locality one mile S. W. by W. of 
Kawdaw (23® 42': 96® 42'), jsheet No. 93A/10, which stamps the age 
of these beds as Cretaceous. Certain other beds mapped by him 
in the same area are lithologically similar to those of the Assam 
Cretaceous wliich are placed in the upper division of the system by 
Spengler^. This would lend additional support to tlie view that the 
Kalaw Red Beds, wdiicli are lithologi(ially quite different, may not 
be of Cretaceous age. The fossils collected by Mr. Clegg from these 
beds are now under investigation by tlie writer, but our determina¬ 
tion of Orbitolim—'S, genus which is not supposed to occur in rocks 
younger than the Cenomanian— settles at least the fact of their 
Cretaceous age. This is of im])ortance sin(‘e very little is known 
about the occurrence of (^ndaceous rocks in Burma. For a more 
precise opinion on the age of ilu'se fossils and of the containing beds, 
the resulUj of their determination jnay 1)0 awaited. 

Since the question of the age of these beds is under consideration, 
it is not proposed to give any jirovisional classifications here. 


VI.—EXPLANATION OF PLATE- 

[ All photographs are of natural size.] 

Plats 25, Fig. 1 . * Dorsal * view of speoimen No. K 24/866 identified as Baculites 
sp. vagina (?) by Dr. G. de P. Cotter and now recognised 
as of inorganic origin. Note the segmentation and 
‘ dorsovcntrally * running ridge of probable secondary origin. 

Fxq. 2. Same specimen, showing trilobed character of the unbroken 
extremity. 

Fig. 3. Same specimen. Lateral view, showing * dorso-ventral * ridge 
and acute middle lobe of the preserved end of the specimen. 

i Pol. /«d., N. S., Vol. Ill, Mem. No. 2, p. 216, (1917). 

* Spengkir, E., ‘ CociLtribatiofl*i to the Palwontology of AHsam PaL IwL, N. 8., 
Vol. VIII, Mem- No. 1, p. 66, (1923). 
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Contributions to the Geology of the Province of Yunnan 
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L INTRODUCTION AND EARLIER WORK, 

Brief accounts of the rocks and structures seen in the Salween 
vall(?y, wliere it is crossed by tlie main trade route over westt^xn 

Yunnan, betwwn Ten^-yiieh (25® 2': 98® 33') 
introduction. ^ have been given 

by L. Yon Lotzy (1893), J, Uoggin Brown (1916), J. W. and C. J* 
Gregory (1925) and VV. Credner (1931), but they all failed t-o recognise 
tlie presence of Mesozoic rocks there and it was not until the publica¬ 
tion, in 1927, (d’ Dr. Oowper Reed's determinations of my own fossil 
collections, that the occurrence of these unsuspected strata was 
made known. This is perhaps not surprising when it is remembered 
that the wTll-known Mesozoic Napeng fauna, the extict position of 
which is still by no moans settled, was once thought to bo of Devonian 
age, while the Brachiopod Limestones of the Laos have, at various 
times, been regarded as possessing Palaeozoic, Liassic and Middle 
Jurassic affinities before their recent attribution to the Upper Trias* 
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Old inetamorphic rocks of the Kao-liang series build the high 
wenkyrn boundary wall of the Salween valley. On the opposite 
side lie the Lower Ordovician beds of Pu-piao. Tlie intervening 
twelve miles, in which there is a descent of 4,600 feet to the Salween 
bridge at 2,200 feet above sea level, followed by a rise of 2,300 feet 
to the Pu-piao plain, consist of exceedingly contorted country, 
the involved structure of which cannot possibly be determined by 
a single traverse and which will not be interpreted until it is mapped 
on a large scale. 

Loezy admitted the uncertainty of his descriptions of this com¬ 
plicated region. Approaching it from the east and after leaving 
the Lower Ordovician rocks, he noted that the lower parts of the 
hills surrounding the Pu-piao basin were made up of limestones and 
diabase tuffs, dipping in a westerly direction. Above these, near 

, , ^ , Fang-ma-ch'ang, some four miles north-west of 

Loay’8 observations. j 1 xi. i. j r 

Pu-piao, and at the head of the small, south¬ 
westerly flowing tributary down which the track makes its steep 
descent to the Salween, are bryozoan liniestoues from which he 
obtained a Femstella related to F. schumardi, Bront., and from which 
my own collections yielded FenesteUa sinensisy i^ecd, F. ifaheiy 
Keed, Polypam cf. koninckiam, Waiig. and Pichl. and lihombopora 
sp., denoting a Permo-Carboniferous if not a P(*rmiun age. Loezy 
also nientione<l the succession of very disturbcnl, yet in p!a('es »<'rtical, 
brecoiatod limestone bands, diabases, tuffs, brown sandstones and 
calcareous marls which follows lower down. The strike was clearly 
from north to south and the correlation of the igneous rocks with 
th(5 (Carboniferous appeared probable to him. He also saw that 
many of the lim(‘Stones arc siliceous and enclose quantities of tuff. 
The left bank of the Salween he found bounded by limestoTu\ while 
the eastern slopes of the Irrawaddy-Salween divide showed shaly 
limestones, phyllites, mica schists and quartzites wliieh seemed to 
be folded into gueissose granite.^ 

W, Credner was more concerned with observations of land forms 
and the proeeases wliich have produced them than with the problems 
^ of stratigraphy; nevertheless, he drew atteiv 

redner 8 fraver8«. phyllites, slates and granites of the 

Irrawaddy-Salwef^i divide and his map shows the vall<T of the 
latter oo/cupied by Palaeozoic limestone in straight contact, along 

^ Die WiAsensehafUSohoii Er^baisse der Reiae des Grafen Bela S^cebeayi i» Ofittasien 
Vd. 1, pp. 762-770, (180S). 


W. Credner'8 fraverae. 
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the river bed, with metamorphic rocks, followed on the west 
by gneisses and granites, Credner remarked that the great 
extent of the Permo-Carboniferous formations is proved not 
only by their fossils, but also by the frequent occurrence of the basal¬ 
tic and melaphyric eruptive rocks wliich are connected with them; 
in addition, he noticed that alternations of limestones and basic 
eruptives with subordinate shales and sandstones stretch across the 
valley as far as the eastern slopes of the divide. He regarded 
the whole area as a complex of steeply folded and generally isoclinal 
structures, in which much has still to be done by way of detailed 
stratigraphical studies, before it can be analysed.^ 

Allowing for the fact that the late Prof. Gregory’s notes, as well 
as my own, were made while travelling hastily across a region in 
which the sequence is unusually varied, incom- 

V ■« * m ^ M * 

Qregory’s rwuMs. ''' exposed and thordtigMy deranged, it is 

remarkable that they have not more diiFer- 
enoes.^ He noted that on the Irrawaddy-Salween divide, the gneissic 
foundation disappeared beneath the green schists, quartzites, phyl- 
lites and slates of my Kao-liang series. He accepted the validity 
of this series, regarding it as corresponding to one of the later pre- 
Cambrian divisions somewhat earlier than the Torridonian or Keween- 
awan,* On the descent to the Salween he saw the thin bands of 
crystalline limestone which it occasionally contains and the peg¬ 
matite dykes which sometimes intrude it. The breociated limestone 
at the bridge, which I regard as Devonian, he thought might be of 
earlier date. In the tributary valley up which the track ascends, 
we have both recorded the rapid alternations of sandstones, shales 
and limestones with their associated bands of basic rock. He 
described how they have been thrown into a series of sharp folds and 
fractured by faults, both normal and horizontal, as well as by at 
least one thrust plane. Some of the diabases, he considered, were 
intrusive, but my own notes emphasize the tnffaceous character 
of the shales and the contemporaneity of some of the igneous sheets, 
which is confirmed by the presence of abundant volcanic matter in 
the limestone bands near Fang-ma-ch’ang. 

On Prof. Gregory’s map the rooks in the lower part of the Sidween 
valley are shown as belonging to the Kao-liang series and the 

1 YaniwD Beise dw Geogtsphiioheii Inatituto der Sun.yatMO IWl 11 • 

Beobacbtungen zur Geol^ie ma Morpbdogid, pp. 65*67, (1931). 

Trane., Sen B., Vd. 223, pp. 176-178, 232-234, (1926). 

•iWtf., p, 219. 
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remainder to the Carboniferous, but it appears from his notes that an- 
other interpretation had occurred to his mind. This is indicated by his 
statement regarding the abrupt endings of the Minchia series against 
the Kao-liang series, north of the Salween bridge.^ His Minchia 
series includes what I have termed the Older Palaeozoic Limestones 
and mapped in the lower portion of the valley hereabouts. This 
brecciated limestone, very similar in appearance to the typical 
Plateau Limestone of the Federated Shan States, is indeed the chara¬ 
cteristic feature of Prof. Gregory’s Minchia series, but with it he 
associated various shales, sandstones and grits and some occurrences 
of porphyries, coarse porphyritic basalts and diabase. The whole 
assemblage covers an extensive area in north-western Yunnan; 
the only fossil from it whose identification is reliable is that by Dr. 
Oowper Reed of an Upper Devonian Uncimilus. 

Whatever interpretation is placed on Prof. Gregory’s results 
however, the fact remains that he, as well as von Loczy, Credner 
and myself, regardexl the complex on the eastern side of the Salween 
valley as of Palaeozoic age. The proof of the occurrence of fossili- 
ferous Mesozoic strata amongst them, wliich we owe t/o Dr. Oowper 
Reed, has far reaching consequences; we may accept the Indian 
view that the Liu-wun fauna is to be ascribed to the Kimmeridgian, 
(Upper Jurassic), or, on the other hand, w'e may agree with the 
French suggestion that it should be placed in the Norian, (Upper 
Triassic), but in either case, theories based on the assumption that 
the Yunnanese highlands have remained above sea-level since Pala¬ 
eozoic times, must be modified. 

Before discussing the Brachiopod Beds themselves there are two 
closely connected subjects which it is opportune to mention here. 
The first concerns the age of the volcanic rocks and the second the 
cause of the disturbance which has disarranged the whole sequence. 

Mr. T. K. Huang has made the interesting suggestion that tlie 
basic rocks of the great river valleys of westeru Yunnan, are ‘ nothing 
but the Omeishan Basalt^ Tliis is the name 
Afc af the voksnic given to a series of basaltic lavas and tuffs 
which has a wide extension in the Chinese 
provinces of Szechuan, Yunnan and Kueichow. 
Its volcanic origin is proved by its definite geological position, by 
its Rflsooiation with tuffs and by its vesicular structure. Its position 
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in the Permian rocks of China has been accurately fixed, since it is 
always found above the Mawkou Limestone and below the Luipakou 
or Choutang series. In ofiicial publications of the Geological Survey 
of China these are correlated with the Lower and Middle Productus 
Limestones of the Salt Range, respectively. Further, in those 
parts of central and western Yunnan where the Luipakou series is 
missing, and the basalt is followed by the Rod Beds of Triassic age, 
Mr. Huang thinks it is possible that the Luipakou series was actually 
replaced by basaltic lavas. While these welcome ideas may be 
correct as far as they go and within certain definite limits in the 
Yangtze, Mekong and Salween valleys, elsewhere there is evidence 
of volcanic rocks both older and younger than those of the Salween 
suite. It is indeed possible that we have tr> deal with a series of 
far greater extension in time than this, comparable more, for example, 
with the Fanjal traps of Kashmir, ranging as they do from the 
Upper Carboniferous to the Middle Trias. 

Although little is known of the intimate structure of the Halweon 
section with which we are concerned, there is a foundation for the 
suspicion that its disturbed, and probably in 
dlgmrtsnce.**'* ^*’*'**" parts inverted, state, is a result of regional 
movements of great magnitude which, though 
only appreciable in sketchy outline at present, seem to indicate the 
play of unusually powerful orogenic forces oi)erating from a westerly 
direction. 

For example, from the next valley to the east, that of the Mekong, 
about latitude 24®, 1 have described another complicated succes- 
sion.i This, according to M. J. Hoffet, is identical with the section 
in the same river valley much further to the south and in the extreme 
north-western corner of French Indo-Chiua, where the Mekong 
forms the boundary between that territory and the Southern Shan 
States, and, further, is to be interpreted in exactly the same way. 
Briefly, this is that the Upper Laos are overthrust from the direction 
of Burma, in an arc convex towards the east, following the coarse 
of the Upper Mekong and nearly parallel to the better-known arc 
which limits the over-riding of the Upper Laosian element on that 
of western Tongking.* M. Hoffet believes that both 
from the Mekong valley are parts of the same overthnist, and if 

» Bte. CM. Serv. Ind., UV, pp. 806-S06, (1022). 

* O. S, Ae, Be., Tvme 100, pp. 600-082, (1034). 
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such should prove to be the case, this major tectonic feature is 
traceable for at least 250 miles. 

The crumpled Palaeozoic and Mcsozouj rocks of western Yunnan 
are wedged in and straitened between two great pre-Palaeozoic 
massifs, that of the Burma-China bord(T on the west, stretching 
from the Ruby Mines through Bhamo, Myitkyina and Putao into 
the little-known ranges beyond eastern Assam, and that of the Yalung 
valley, the southerly flowing tributary of the Yangtze, and western 
Szechuan, on the (iast, and there is no longer any doubt regarding 
the main direction of the forces to which they have been subjected. 
Professor Gregory has reviewed the evidence which leads to his 
conclusion that the Indo-Malayan Hercynian movements have con¬ 
tributed to western Yunnan its predominant structure, through this 
w^as complicated later by the younger Himalayan movements, 
influenced of course by the results left by their predecessors. Over¬ 
folding and thrusting due to pressure acting from west to east, 
are, as Gregory pointol out, common in this region. One example 
from many quoted by him may be mentioned: the peaks which 
dominate both sides of the Si La pass (14,000 feet), between the 
Salween and the Mekong about Latitude 28®, are intensely over¬ 
folded by pressure from the west, a movement which is thought to 
be of comparatively modem geological date.^ Of the five age 
groups into w^hich he classified the Yunnanese faults, one set is 
cjonfined to overthrusts and tilting during the (Compression of tlie 
region by the Himalayan movements. At the same time he infern^d 
faulting of a more normal typic in that portion of the Salween valley 
now under description, but it is doubtful to my mind if this alom* is 
sufficiemt to account for the stratigraphieal confusion which exists 
tltere. In my diary the probability of overthrusting on a large 
scale w^as mentioned, but tlie point escaped reference in my earlier 
published reports. 

As distinct from Professor Gregory, the official geologists of 
French Indo-CUiina attribute a Neotriassic age to the Mekong over- 
thrust, as indeed they do to all the major movements which liave 
affected the northern parts of their country, and it will b(^ evident, 
that the determination of the exact age of the liiu wum Brachiopod 
Beds, the youngest marine fossiliferous rocks know^n k) be involved, 
has an important l>earing on this controversial question. 


»Ser, B., Vd. m, jp. m 232-240, (1026). 
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U.^ThB BRACHIOPOD BEDS* 

From a dark greenisli*grey, rather soft and eai*thy limestone or 
calcareous shale which crops out two miles below Liu-wun, about 
Lat. 26° 4' and Long. 99°, I collected many hundreds of specimens of 
Rhyvchonella, a few of Terebratuh and a very few poor and imper¬ 
fect lanicllibranchs, mostly in a fragmentary condition. At the 
time and in the field I wrongly attributed the Terebratula to the 
closely related genus Difdasma^ and as such it appears in my earlier 
brief notice of these rocks.^ The brachiopods occurred mainly in 
one small area and ^vele lying on Ihe surface, completely weathered 
out from their matrix, which is crowded with forms of the same 
kinds. It is the calcareous shale numbered 9, in the notice just 
mentioned, but as A. W. Grabau has pointed out, beds numbered 7 
and 8. which consist of njore massive limestones, probably belong to 
the same group.^ Detached blocks of rock undoubtedly derived 
from them contained many broken specimens of Rhynchonella of 
much the same appearance. In the following list the fossils which 
have been identified by Dr. Cowper Reed from my collections are 
tabulated.® 


BRACHIOPODA. 

Rhynchonella (Burmirhynchia) praestana, Reed. 


Ji 

( 

) .. 

var. conjurata. 

99 

( 

) ■ 

var. adjudicata. 

9} 

( 

) 

var. tenuiplicata. 

99 

{ 

) 

var. luchiangenais, 

99 

( 

) 

var. discreta. 

9t 

(Cryptorhynchia 

'0 sp. 



,, (Subgenus ?) alf. cuneiformia^ Mansuy. 
Terebratuh (Holcothyris) andle, Reed. 

„ ( ) cf. flexa^ Buckm. 

„ ( „ ) pinguisy Buckm. var. IwMangmm, 

„ ( » ) var. oUvaeformis. 

M ( f, ) var. hnguuictUa. 

» ( » ) cf. sidmaKsy Buckm. 

„ (Loboidothyria) cf, perovaUa. Sow. 

* Mec. Oeol. Surv. hid., XLVII, p. 233, (1316). 

“ Stratigraphy of China, Pt. I, p. 232, (1926). 

^Pal. Jnd,, N. B., Vol. X, Mem. No. 1, pp. 264-274, (1927). 
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PBLECYPODA. 

Ewogyra bruntrutam^ Thunn. 

„ cf. dubiensis, Contej. 

„ eminensy Reed. 

Pecten {Campton^ctes) lens, Sow. 

„ (Syncyclonefm) Imhiangensis, Reed. 

Lima {Radula) a.ff. wonsbeliardensis, Contej. 

„ ? sp. 

Modiola sp. 

Cuctdlaea cucullaia, Goldf. 

„ aff. virgaia, Sow. 

Area aff. thurmanni, Contej. 

Nttcula aff. menkei, Roem. 

Owing to the abundance of intermediate and transitional forms 
amongst the specimens of Ithynchonella, Dr. Cowper Reed found it 
exceedingly difficult to refer these Yimnanese examples to any of 
the numerous species created by S. S. Buckman for the members of 
this genus from the Namyau beds of the Northern Shan States, and 
at the same time to observe his precise definitions. The affinities 
of some of the forms are often with not one but several of Buckman^s 
spt^cies, but to which particular one the resemblance is do >est it 
often proved impossible to d(K*ide. Dr. Cowper Reed explains 
therefore that some of his new specific names are employed with a 
greater latitude of variation in each species than Buckman strictly 
permits. 

The similarity of this brachiopod fauna with that of the 
Namyau beds is remarkable, for although the great majority of the 
specimens are referred to the new species Rhynchonella {Burmirh- 
ynchia) prmstxms, Reed, or its five varieties, Dr. Cowper Reed 
states that the species ihself is closely similar to Bnrmirhynchia 
costata, Buckm., a typical Namyau form. The ornamentation is 
almost identical, and although the anterior union of the valves seems 
to be different, the shape of the muscle-sear in the brachial valve is 
the same in both species. Another important point is the external 
resemblance between Rhynchonella praestans, Reed, and Rhyncho- 
rnlla maheiy Mansuy, from the Laos, though, as will be shown later, the 
beds in which the latter species occurs are no longer supposed to 
be of Itiassic age. The occurrence of Rhynchonella (? subgenus) 
aff. eune^ornm, Mansuy, is another link with Indo-Chinese forms, 
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but in this case again, the CaUovian horiaon to which it is attributed 
in Tongking is no longer valid. This remark also applies in other 
later instances where the CaUovian of Indo-China is mentioned. 

Of the five species of Terehratula, one, Terehratuh {Hcicothyris) 
ancile, Reed, is new, but it is stated to be closely allied to Hokothyris 
angusta^ Bucjkm., from the Namyau beds and to be somewhat like 
Holcothyris laosemis, Mansuy, from the CaUovian of the Laos. The 
two species H. cf. flexa, Buckm., and //, cf. subovalis^ Buckm., 
possess characters which are typical of the Namyau shells with 
which they are compared. The species which Buckman described 
as Hohothyris pinguis, from the Namyau beds, is present in three 
forms which are distinguished by new varietal names. The remain¬ 
ing example, Terebratida (Lohoidithyris ?) cf. peromUs, Sow., is stated 
to resemble somewhat Zeilleria, wterrnediaf Mansuy, from the CaUovian 
of the Laos, 

Buckman ascribed a Middle Jurassic (Bathonian) age to the 
Namyau limestones; if this is correct and if the brachiopod fauna 
of the Liu-wun beds was the only available standard of comparison, 
a similar age would have to be given to them. The results of the 
examination of the lamelUbranchs, however, have led Dr. Cowper 
Reed to a different conclusion, which is best stated in his own words 
as follows:— 

* The similarity of the brachiopod fauna of these Liu-wtm beds with that of the 
Namyau beds of Burma is striking, but in the case of the other fossils the evidence 
does not point to the same age as Buckman deduced from the braohiopods, for 
they have Oxfordian or Kimeridgian affinities and some of the sj^ecics are almost 
indistinguishable from common European Upper Jurassic forms. Probably they 
come from a higher horizon than the Oxfordian series, for some of the fos^s are 
closely related to or identical with forms which occur in the Sequanian or Kimeri* 
dgian. Unfortunately no ammonites are present in the material available* On 
the whole a Kimeridgian age may be ascribed to this fauna. 

Thus the anomalous position is reached that while the brachio- 
pods point to horizons well down in the Middle Jurassic as suitable 
for the reception of the Liu-wun beds, the lamellifaranchs indicate 
that they should be ])]aced in the lowest subdivisidii of the Upper 
Jurassic. 

About twenty miles to the south of the traverse already described, 

I crossed the iSalween valley again by the track which leads firom 

» m. ltd., N. iS., Vcl. X, Mem. No. 1, p. 265, (1227). 
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Lungling T’ing to Shun-ning Fu. Here, once 
more, though the Irrawaddy-Salwoen divide is 
somewhat lower and broader, it is built of 
the same crystalline rocks and intrusive granites, overlain on the east 
by the phyllites and associated members of the Kaoliang series, 
followed in their turn by metamorphosed limestones and liineston<‘ 
breccias as before. The river itself flows between steep limestone 
clifiFs rising from the water for some lumdreds of feet, and ascending 
from the eastern bank is a complex similar to that of the more 
northerly traverse, limesV'nes and shales, marly and sandy bids, 
intercalated with tuflFs and flows of basic rocks. The succession. 


or at any rate that portion of it which can be determined in the 
course of a single rapid march, has already been given.^ Mucli of 
it is doubtless of Permo-Carboniferous or Permian age, but at the 
bottom of the last ascent to Tai-ping-tzu, a small village lying at an 
elevation of 4,000 feet, two miles from the ferry across the Salween, I 
collected specimens of sliclly limestone which were examined by 
Dr. Cowper Reed. He found that tlu‘ rock is composed almost en¬ 
tirely of a mass of small oysters with a few fragments of a large species 
of Pectm and two or three very imperfect doubtful brachiopods. 
Although these fossils do not indicate its age precisely, so far as their 
affinities are determinable, they suggest an Upper Jurassic horizon 
and possibly the same as that at Liu-wun. further north. This 
pcissibility is strengthened by the fact that both occurrences possess 
more or less the same strike. Shelly limestone bands of the kind 
described occur elsewhere in the same vicinity, for instance about four 
miles further to the north-east, and just below Teng-tzu-p’u there 
are examples which are full of the fragmental remains of innumerable 
bivalves and other fossils. 

Returning again to the northern traverse, at the ^\est(‘rn edge of 
the Pu-piao plain and two miles from the village of tlie same name, 
there are outcrops of t^ompact light grey liine- 
Posslliie oaurreiKe of stone wdiich have previously been regarded as 
Permo-Carboniferous. On a pie(;e of this 
material Dr. Cowper Reed recognised a \N'(‘a- 
thered irregular calyx of a coral resembling Thecosmilia, apparently 
undergoing fission, so that it has the irregular transverse shape of 
such speoiea as Th, daihriM, Emmr., Tk De Filippi, Stopp. 
and other Txiaamc species. The septa, so far as they are lucserved, 


i3M, $urp, Ind,, XLVH, PP- 253-256, (1916). 
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seem also to show the characters of this genus.^ The specimen 
seems to indicate a Mesozoic age for this particular limestone, though 
its stratigraphical relation to the Liu-wnn beds is quite obscure. 

From about two miles below Lameng and shortly before the 
ferry across the Salween is reached, on the rnore southerly of the 

Trt.»lc limestone, I'™ 1 crosse4 its valley, 

of the Salween valley, 1 Imve descnbod occurrences of laminated, light 
west of Taipingtzu. grpy limestones and of platy, dark greyish- 
blue bands with impressions of bivalves, wliich at the time I thought 
belonged to some Carboniferous horizon*. These lamellibranchs 
have unfortunately proved to be indeterminable, but Dr. Cowper 
Reed considers that the concentric ridges and striae of some of 
them indicate shells which might belong to Carbonicola, Edmondia 
or Alhrisma *. He also draws attention to certain resemblances 
between these specimens and the Upper Permian lamellibranchs 
from Fukien figured by Orabau as Carhanicola and Anlhracmiya^. 

An imperfectly preserved coral from the grey limestone has 
been determined by Dr. Cowper Reed as Thecosmilm aft’, wehftri, 
Vin. de Regny, a form from the Trias of Timor. It is also allied 
to Tkecosmilia daihmta, Emrar®. These limestones thus belong to 
some undetermined horizon of the Trias. 

It must be more than coincidence that limestones with Triassic 
corals have been found in both sections of the Salween valley which 
were traversed, in one case to the west and in the other to the 
east of the brachiopod-bearing limestones. It leads to the supposition 
that some at least of the contemporaneous igneous rocks amongst 
which they occur are of the same age. 

m.-COMPARISON WITH THE NAMYAU LIMESTONES OF THE 

SHAN STATES. 

The main area in the Northern Shan States occupied by rocks 
of the Namyau series, as mapped by T. D. La Touche, stretches 
from a point 20 miles south-south-we.st of Hsipaw in a north-easterly 
direction for over 50 miles to positions north of latitude 23° 
gradually increasing in width at the same time to a maximum of 16 
miles. There are outlying patches of what was once a wider spread 

^ PaL J7id,, N. S., Vol. X, Mem. No. I, p. 279, (1927). 

^ Pec. Oeol Purv. Jnd., XLVII, pp. 253-254, (1916). 

lnd.f N. S., Vol. X, Mem. No. 1, pp. 277-278, (1927). 

* Stratigra^y of China, Ft. I, p, 485, (1925). 

* Pol. Ind., N. S., Vol. X, Mem. No. 1, p. 251, (1927). 
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covering, further east, especially near Lashio. Except in the south, 
the inner or western boundary of the main area follows the general 
trend of the margin of the pre-Palaeozoic rocks remarkably closely, 
though the Namyau series is separated from them by a narrow 
strip of Plateau Limestone followed in its turn by the zone of the 
Silurian and Ordovician beds. Between the southern termination 
of the Namyau band and the older Palaeozoic zone lies a patch of 
the Napeng beds, containing the type-localities of these, the only 
other fossiliferous Mesozoic rocks of the Northern Shan States. 

Beyond latitude 23"^, tlic extension of the Namyau Series was 
surveyed by myself for a brief period in 191G, by G. V. Hobson 
in 1929 and iriore systematically by Dr. M. R. Sahni between 1930 
and 1933, resulting in ihe mapping of the main area for another 
05 miles to the north-(*ast. 1 am indebted to Dr. A. M. Heron, 
Director of the Geological Survey of India, for a copy of the new 
geological map, as far as it has beeii completed north of latitude 23'', 
and from it and the earlier one, I have prepared the small scale sketch 
map reproduced as Plate 26. It again emphasizes the general 
parallelism between the trends of the pre-Palaeozoic roeks and the 
Namyau series, though with an unusual overlap of the latter on 
to the former in one position; the existence of a long ne^v strip 
of Napeng beds, in its normal position between the Namyau series 
and the older Palaeozoic zone and, finally, the splitting of the main 
Namyau band by an inlier of ancient (-haung Mag}i rocks at the 
eastern margin of the mapped area. In the neighbourhood of 
Nam Tu, where the boundary of the pre-Palaeozoic rocks assumes 
for a short distance an unusual direction of a little to the west 
of nortli, the inner limiting line of the Namyau series follows the 
same course, only to swing round to the north-east again, copying 
the outo margin of the ancient rocks of the Khodaung Hill Tracts 
and of the Shweli valley about Namkham. Across the Gbinesc 
frontier in Yunnan, the pre-Palatozoic trend becomes north and 
south and the (wcurrence of the ecjuivalents of some part of the 
Namyau series in the Salween valley there might well have been 
predicted from their known location and consistent behaviour on 
the British side of the border, had these been known at a earlier 
date. 

The Brachiopod beds of Liu-wun correspond only to one or 
more of the thin but persistent limestone bands found towards 
the base of the Namyau aeriesi at any rate north of latitude 23°, whicL, 

1 
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apart from their faunas, are of little significance in the great mass 
of red sandstones and shales, with beds of grey and speckled sand¬ 
stones and layers of yellow clay, totalling, according to T. D. La 
Touche, many thousands of feet in thickness^. Other features bear¬ 
ing on our comparison may be briefly mentioned. Discontinuous 
bands of coarse conglomerate sometimes occur at the bottom of 
the series, but in tlie only instance known to La Touche where 
the Nainyau scries is associated with the underlying Napeng beds, 
the section is so obscure that their exact relations could not be 
ascertained*. Finally, La Touche believes that the limestones of 
the Namyau series have been profoundly disturbed, for they gene¬ 
rally dip at high angles and are often vertical*. 

About a thousand specimens of brachiopods collected from the 
Namyau limestones by T. H. D. La Touche, P. N. Dutta and G. E. 
Pilgrim, were examined and described by the late S. S. Buckmau, 
who found that they consisted entirely of members of the two 
great families the RhynchoneUidee and the Tere- 
b ^ W hratulida;. He separated the former into two 

new genera:— Burmirhynehia, with forty new 
species and Sphenorhynchia (?), with two new species, while all 
the latter were placed in one new genus:— Holcoihyris, with twenty- 
two new species. In this considerable collection of brachiopoda, 
Buckman concluded that there seemed to be no identity with any 
known forms and the evidence for the correlation of the Namyau 
limestones with European or other strata proved particularly scanty*. 
In the complete absence of specific identity and with very little 
generic identity between the Namyau brachiopods and those from 
other localities, Buckman was compelled to consider general resem¬ 
blances in his attempted correlation with European strata, but to 
what extent these arc to be regarded as infallible guides is merely 
a matter of opinion. In the case of the tcrebratulids, ho found 
a remarkable resemblance to a new series of Bathian forms, 
Avamlhyris; but this was further described as only a general resem¬ 
blance, not identity, and the species could not be regarded even as 
congeneric. As to the rhynchonellids, he noted a general resem¬ 
blance to the European species of the Bathian, say from Great 
Oolite to Combrash, but generic resemblance only existed in a 

’ Mem. OeeA. .Siirv. Ind., XXXIX, Ft 2, p. 304, (ISIS). 

*lbid.. p, 286. 

*Ibid., p. 304. 

*P«i. Jnd., N. B., V(A m, Mem. Me. 2. p. 216, <1917). 
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few cases to certain Thyiiclionellids of the Great Oolite (Bathian) 
of England and France, more or less related to B, kopkinsi, David¬ 
son, bnt mainly new species. Bucknian eiids his argument by 
direct coinparisoii as follows 

* The geological position, therefore, which is indicated by the generic affi¬ 
nities (.>f the rhynohonellids is fairly confirmatory of that suggeHted by a more 
general likeness of the Terebratulids; it points to Bathian near about the Brad¬ 
ford Clay. In such case some correspondence with the Brachiopod fauna from 
the Putcjhum Beds of Cutch might be expected ; but that can hardly be claimed ; 
there is less than with the Bathian of Europe. There are no species of Bur- 
mirhynchia, nor of Holcothyris in the Putchum Beds as illustrated in Dr. Kitchin’s 
memoir; but there are species of Bnrwithynchia in the Bathian of Europe. ’ 

He then procee^ds to arrive* at the wwiie result by indirect methods 
of morphogenetic comparison, involvii»g many 8ui)positioi)s, which 
though they may not be impossible, admittedly make too strong 
a demand on probability and as such need not l)e considered here^. 

An important contribution to the study of the Namyau lime¬ 
stones and their relations with the Liu-wun brachiopod beds, was 

Df Cow r Reed's Reed, who visited the 

invesiigafions In the Northern Shan States in ]927‘^. At the Ta-ti 
Northern Shan States, locality in Hsipaw State, already knowm from 
La Touche’s work and Buckman’s descriptions of its brachiopods, 
he found shelly limestones, crowded in places with small crushed 
shells of species of Exogyra and Osirea, amongst which brachiopods 
also occur. At a new locality, near mile-post 18-4 on tlie road 
from Lashio to Nam Tu, the limestone bands, dipping east at about 
45®, are full of tlie same assemblage of brachiopods and small 
broken oysters. The following lists tabulate the species which 
have been reci>gnised, while those wdiicli also occur at Liu-w'un are 
marked 

Locality 1, —Ta-ti, Hsipaw State. 

Tetebraiula {Hdcothyris) pitiguis, Buckni. 

„ { „ ) sulwvalis, Buckm. 

„ ( » ) ro^treUa, Buckm. 

= Exogyra eniinem, Reed. 

„ cf. mtdtifoi'ims^ Koch and Dunk. 

„ cf. monsbdiardensis, Contej. 

= Pecten {Syncydonema) luchmngemis, Reed. 

« „ (Oamjptowecee«) ferw, Sow , 

» Pok N, a, va m. M«m. No. 2, pn. 216-219, (1017). 

* Bet. CM. SufP. iwd.. LXV, pp. 185-167, (1881). 
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With these are found in addition the following six of Buckman^s 
forty species of RhynchomUa (Bwmirhynchia) — shamnsis, inequdlis, 
'f^amyauemis^ lettglawngemis, ovalifi an J globulus. 

Lomlify 2, Near Mile 18-4, Lashio-Nam Tu Koad. 

TereUrdiula (Holcothyris) angmtUy Buckrn. 

„ ( „ ) ddlOy Buckm. 

,, { „ ) expama^ Buckm. 

„ ) pifufuis, Buckm. 

,, ( i> ) subovalis, Buckm. 

== Exogyra hmntrutana^ Thurm. 

„ multiformis, Koch and Dunk, 
cf. virgula. Sow. 

Alectryonia rmtellaris, Miinst. {^gregaria, Sow.). 

Lima sp. 

Cvrithium sp. 

With these also occur the following amongst Buckman’s species 
of Rhymhondla {liurmirhynekia) :— asiatica. daffai, globulus, irre^ 
guUiris, nammwnsis, mmiuemis, orieniaUs, jyilgrimi, pinguis, pyri* 
formis, seenf/emis u)id stddrigonalits. 

In lithological and palaeontological characters as w^ell as in 
facies thc.se shelly limestones arc closely similar if not identical 
with tliose of Ijiu-wun. Dr. Cowper Rood writes that — 

‘ Scv-oral of the species are i<lenttcal and others closely allied, and we may 
witli considerable ivssurance correlak* the beds in these three localities and regard 
them as belonging to the same stratigraphical horizon. There does not seem 
any sufficient reason to revise the previous conclusion that the position of these 
beds is m the Upper rather than in the Middle Jurassic, though pfjseibly they are 
Oxfordian rather than Kimmeridgian .* 

As Dr. (vowper Reed points out amongst the ammonites^ mol- 
lusca and bracdiiopods from the coastlands of Kenya, described 
by L, F. Spath and J, Weir, there are several species of the latter 
two groups that are apparently identical with those from Burma 
and Yunnan. This is also the case with the fossils from Jubaland 
and Somaliland with which the Kenya fauna also has close affinities. 
The age of the latter is considered to be Argovian-Kimmeridgtan. 

The only other information available on the Namyau series 
and related Mesozoic beds in the Northern Shan States, consists 
of the all too brief notices which have appeared from time to time 
in the annual reports of the Directors of the geological Survey 
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of India, as the mapping of the north-eastern cornet of the region, 
north of latitude 23°, has proceeded. 

Mr. Ct. V. Hobson found in the. BOTith-easWn pt*rtion of Sheet 
93 E/7 and in the north-western part of its neighbour on the east 
Mr. 0. V. Hobson's f^at the Plateau Limestone is for 

Passage beds of possible the most part covered with younger sediments 
Narlan age. r<>garde(l as mainly of flliaatic agr, 

tliougli on wluit evidcncf^ is not stated in tbe only short summary 
of his work which has been published. As the covering of the 
limestone here^ibouts is more complete than appears to be the 
case further south, he suggested that the marine transgression 
responsible for its ff)rination came from the north-east, that is 
from Yunnan. Of unusual interest is the occurrence of a series 
of unfossiliferous dark grey, thin-bedded limestones with inter¬ 
calated sandstones, passing uf) into carbonaceous vsandstones, be¬ 
tween the Plateau Limestone and the Rhaetic beds, which 
Mr. Hobson t<mtatively termed Pavssage beils of possible Norian 
age. Argillaceous limestone containing typical Namyau brachio- 
pods was found at one locality onlyL 

Continuing Mr. Hobson's work to the north-east on to Sheet 93 
E'll, Dr. M, R, iSahni found a series of very fossiliferous, yellow' or 
purple clays, grey sliales, dark blue compact 
sumyR^* ^ Sahnl 8 limestones and grey argillaceous limestones, 
near the Shan village of N<n Keng. He is of 
the opinion that wliile the fauna of tliest* beds indicates atlinities 
wdth that of the Napeng beds tfirough such forms as PaUieoneih 
nuninwmis, Denlihwim niona, Proin<ithUda erilis and Pecten (Aequi- 
hayzamli, which were all new species originally described by 
Miss M. Healey, it is, on the whole, distinct from it. The total 
absence of the Burmesiidae and of tlic Rhaetic zone fossil Pteria 
(Avicida) con^orta, I'ortlock, is very significant and, it is added, 
the majority of the forms found at Na Keng belong to species that 
have not so far been described. Amongst the lamellibranchs there 
is said to be a new spiicies belonging to each of the following geni^ra— 
Pecten, ModitAa^ Cnrdium and PnAocardmmy while a single speci¬ 
men of pQsidonomyu w'a$ also collected. The last-named genus is* 
new to the Napeng beds. OP the gastropods a new' species of 


* Bm, (koL 8^. Ind,, LXIII, p. 92, (1930). 
'Ibid., LXVp p. 87, (1981). 
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Plenrotomaria ixcmn very profusely in a dark grey argillaceous 
liinestono. 

Outliers of the Naiuyau series were found in a number of local¬ 
ities, consisting of the usual purple* sandstones, clays, speckled 
sandstones and intcrstratified beds of grey argillaceous limestone, 
the whole being folded in an approximately north-east and south¬ 
west direction. From the limestones, which have yielded a rich 
brachiopod and molluscan fauna, the following species were deter¬ 
mined - 

Cererithyris ovaliSy Buckm. 

,, sp. nov. 

Burniirhynchia depressa, Buckm. 

= ,, irregularis, Buckm. 

„ iratisversalts, Buckm. 

„ regularis, Buckm. 

= „ pinguisy Buckm. 

= Syncyclonema luchiangensis, Reed, 
together with new species of Pecten, Modiola and Patdla, 

The rhynchonellids marked—ocour in Dr. Cowper Reed’s collec¬ 
tion from ‘'mile-post 194”, on the liashio-Nam Tu road, while 
the lamellibranch, Syncgclomwa luchiangensis, Ret»d, has been found 
at Liu-wun. Although attention is not drawn to it in the Annual 
Report in question, Dr. Sahni’s detenniuation of Cererithyris i/valis, 
Buckm., is of great interest, as the genus as not htm found in the 
Nainyau series before, and tliis particular species was created by 
Buckman for a fossil from the English (Jombrash. Thus, this is 
the first and as yet single instance of definite specific identity be¬ 
tween a brachiopod of the Namyau limestones and a European 
form. The rhynchonellids collected at Loi Lem, a locality which 
yielded no terebratulids, indicate, in Dr. Sahni’s view, an age near 
the Bradfordiaii, but the terebratulids from Hsai Hkao seem to 
point to the Cornbrash and it is suggested that separate horiaons 
may be represented at the two places^. 

In the years 1931 to 1933, Dr. Sahni continued his mapping 
across Sheets 93 E/10, 11, 13, 14 and 15, up to loiigitude 98**, and 
proved the continuity of the main band of, the Namyau itKjks 
striking to the north-east the whole way; brief outlmes of his 
progress have been published in the General Reports. He rsfers 


i Jlnd., pp. 87, 88. 
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to the Natnyau rocks in these regions as fine to coarse-grained 
purple sandstones with occasional beds of grey shale and inter- 
stratified bands of argillaceous limestone. Thus their dominant 
lithological characters further south still persist. Dips are generally 
high* With the exception of a few iiideterniiiiable fragments of 
lamellibranchs, the sandstones arc iiufusvsiliferous. A few fossils 
occasionally occur in the shales, but the limestones are nearly 
always fossil-bearing and have yielded a prolific fauna. Amongst 
others the genera Holcothyris, Burvnrkynehia, Aleciryrmia, Cardium, 
Protocatdium, etc., are mentioned. Amongst many new localities 
those of Kongnim {2^ 45' : 97° 55' 30") and Kawng-hka (23° 50' 
30" : 97° 59'), are outstanding in the variety of their lamellibranch 
remains. At Kawng-hka they exist alone: at Kongnim they are 
associated with the brachiopods Biirmirhynchia and Hokotkyris, The 
lamellibranchs belong to the genera Leda, Nucuh, Mytilus, Cras- 
satellites, Asiartc, Thracia, Pecien, Osirca and Lima. The Brachiopoda 
so far identified include tlie following: — 


J Burmirhynchia mmtnemis, Bu('km. 

J „ irreguhmy Buckm. 

„ sendis, Buckm. 

= „ shan4*nsisy Buckm. 

,, lipalmemisy Buckm. 

= „ namyavensis, Buckm. 

„ depressa, Buckm. 

11 J = Holcothyris pingtdsy Buckm. 

„ expansQy Buckm. 

„ angidain, Buckm. 

Of this list, one species marketl , occurs at Liu-wim, three 
marked at Dr, Cowper Rood’s 'fa-ti locality and four marked J 
at his mile-post 18-4 ”, Lashio-Nam Tu roadk 

The probable existence of older Triassic limestones in associa¬ 
tion with ‘the tw’O knowm occurrences of the Liu-wun brachiopod 


Hie ammonite beds 
of Ne likyam» North 
Shan States* 


beds in Yunnan has a parallel in the Northern 
Shan States, where a series of argillaceous lime¬ 
stones and shales containing a rich fauna of 


ammonites and gastropods was discovered by Dr. Sahni at Na 
Hkyam (97° 45' : 23° 17') in 1931.^ They are stated to bo intcr- 


i R<jc. QmL Bur%\ Ind,, LXVI, p. 97 , ( 1932 ) ,* c*7., LX VII, p. 4(5. (1933); op. cn., 

Lxvm, pp. 21, <58, (1934). 

LXVI, pp. 97, 98, (1933)* 
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stratified amongst dolomites but as the nearest e:s:po8ures of the 
Narnyau rocks lie only about half a mile away, I prrfer to aBSOckte 
them provisionally rather with the Mesoaoic rocks than with the 
Plateau Limestone, in the usually accepted meaning of the term. 
According to Dr. Sahni's preliminary determinations the ammonites 
include Xenaspis carhonaria, Waagen, Nannites cf, hindostanm^ 
Diener, and herbetii Diener, Nannites, sp., but the commonest form 
‘ belongs to a new genus of the Hungaritidfe. Amongst the gas¬ 
tropods the dominant genera are Pleurotormria and Naticopsis (four 
species), while others are referred to Murckisonia, Neritomopsis, 
Trochus, and Phtyceras ... A single species of Holopdla is said to 
be very similar to Holopelia trimorpha, Waagen. Numerous lamelli- 
branchs were also collected, including forms of Schizodus, Peoien 
and Atncuhpecten, of which the first named is the commonest. 

Xenaspis carhomria is an important leading fossil of Permian 
age in the Productus Limestone of the Salt Range, in the Kuling 
shales of Spiii, in the exotic block of Chitichun No. 1, and in the 
highest horizon of the Zewan beds of Kashmir^. Nannites is a 
Triassic genus exclusively and the species N. hindostanus is known 
to persist through all the stages of the Himalayan Lower Trias, 
while N, herberfi occurs in the Otoceras beds of Spiti, of Lower 
Triassic age and correlated by Diener with the unfossiliferous clays 
and shales lying between the Upper Productus limestone and the 
Lower Ccratite limestone of the Salt Range. ^ Holopdla trimorpha 
is an Upper Productus limestone fossil.® Until the collections 
are systematically described it is impossible to fix either their age 
or relationship, though it appears that they may belong to either 
the uppermost Permian or the lowermost Trias. Some 20 miles 
further west lie Mr. Hobson’s pre-Napeng passage beds, so that 
in this region there is available for future study the most complete 
sequence of Shan Mesozoic formations yet discovered. Contacts of 
the Napeng beds and the Narnyau series have also been mapped 
hereabouts and if the stratigraphical bearings between these two 
groups on the one hand, and between the Na Hkyam beds and the 
Narnyau series on the other, have not been clearly determined by 
recent field work, it is an area where more detailed investigatimi 
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should soon lead to results which would settle the contentious ques¬ 
tions of the proper correlation of these rocks. 

IV.--COMPARISONS WITH IND0»CH1NA. 

The Mesozoic rocks of Yunnan and of the Federated Shan States 
are found again in the adjoining regions of Indo-China, to the south 
and south-east respectively, and I shall try to summarize here as 
concisely as possible the reports of the official French geologists 
on the various formations which may l)o th<‘ e<:|uivalents of the 
Liu-wun beds; thernseh^os, as we have seen already, to be corre¬ 
lated with at least part of the limeston(»s of the Namyau series of 
the Northern Shan States. 

Tn 1890, three years before M<‘ssrs. T. H. 1). La Touche and P. N. 
Dutta commenced the survey of the Northern States, H. Counilloii 
The braehiopod Hmc' attention to the occurreiu’o of limestones 

(Atones of Pra- with a rich fauna of brachiopods, near Luang 

Prabang, on th(» Mekong and in the Laos. It 
is unnecessary to trace, the various descriptions of these rocks and 
their fossils through the lengthy literature which lia.s grown around 
them and to which many of th(‘ distinguished geologists of the 
Service geologique de IJlmlo-Chine have contributed, including, be¬ 
sides H. Counillon, G. Jlonod, H. Mansuy, Capt. Zeil, G. Jacob, 
(\)mmandant Dussault, Capt. Patte and J. Froinaget. It must 
suffice to state that the limestones (xcur in the central part of the 
(^uan Houng syncline, the flanks of which are formed of red sand- 
.stoncs underlying red clay shakes and conglomerati‘S, a group of 
rocks which is knowm as the ‘‘ Gres et Argiles rouges du Haut 
Laos.^’ The limestones themselves are very laminated and full of 
earthy matter. Up to the time of their examination by Messrs. 
Jacob and Dussault in 1925, they were believed to be of Liassic 
age on the strength of the occurrence of the following fossils in 
them, the determinations of which were made by H. Mansuy.^ 

PefUacrinits sp. 

Sjdriferim acuta^ Mansuy. 

Hustedia orientalis, Mansuy. 

Rhynchondla pseudoplmrodmi, Mansuy. 

Rkyn(du)nella moAei, Mansuy. 

Terebratula brevirosfris^ Mansuy, 

» Sbw. Oid. Indi)chim, Vok XOI, Fasc. IV, pp. 0, 7, 62.o4, (1924). 

r 2 
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Jacob and Dussault, however, found a single small ammonite in 
them which Capt. Patte determined as Discophyliites laubei, Gemm., 
a form which occurs in the Upper Trias of Sicily, It then seemed 
that the Brachiopod limestones of Luang Prabang would have to 
be removed from the Lias into the Upper Trias and this opinion 
was abundantly confirmed by M. J. Fromaget’s work. He visited 
the locality at the end of 1928, and in addition to further specimens 
of Discophyliites, collected others belonging to the genera Tibetites 
and Arcestes as well as a NaiUilm allied to Clydomutilus griesbachi, 
Mojs., one of the zone fossils of the lower part of the Himalayan 
Norian.^ Tibetites and its subgenera occur in the same stage while 
Arcestes is found both in the Carnian and Norian of the Himalayas 
as well as the Anthracoliihic of the Salt Range. 

On palaeontological grounds then the Norian age of these Luang 
Prabang limestones must be regarded as reasonable and Fromaget 
attributes no importance to the brachiopods which make up the 
bulk of the fauna, in spite of the fact that certain rhynchonellids 
are admitted to be identical, or to present very close affinities with 
examples from the Namyau and Liu-wun limestones {see page 202), 
On the other hand Spiriferina acuta, Mansuy, is comparable with 
S, shalshalensis, Bittn., of the Himalayan Carnian and Terebratula 
brevirostris, Mansuy, greatly resembles T. pyriformis, Suess, of the 
lihsetic schists of Koesseii in the Carpathians. 

K* The stratigraphical evidence leads to the same conclusion. The 
brachiopod-bearing limestones are now recognised as the terminal 
member of a great marine Triassic series, found along the whole 
length of the valley of the Nam Ou from the vicinity of Phong 
Saly and which finally disappears to the south-west of Luang 
Prabang by stretching and flattening under overthrust masses of 
the Anthracoliihic, but which laterally, in other directions, passes 
into clays and sandstones of a sub-continental character. The 
limestones and the underlying beds in conformity with them are 
folded; above them, separated by a pronounced discordance, are 
practically horizontal red beds of the usual type forming part of 
the wide-spread, post-Triassic covering and generally referred to as 
• Gres sup6rieurs ’ or ' Gris continentaux 

Ill view of the close geographical association of the Namyau 
series and the Napeng beds in the Northern Shan States, it 

^ Pal Ind,, Ser, XV, Vol, IV, Vt, 1, p. 136, (1890). 
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is essential to mention here that near Con Tagne, a locality whicli 
lies much nearer the fiontherii Shan States than 
Con^Tagne*”^ Luang Prabang, and is probably not more than 

60 miles in a straight line from the nearest 
point on the Burma-Indo-China frontier, Messrs. Jacob and Dussault 
found a series of clay shales, resting on limestones of Paloeozoic 
appearance and containing a typical Napeng fauna. Of tliirteen 
species identified by Capt. Patte from their collection, eight are 
typical Napeng forms, three are closely allied and two are new. 
Such typical Napeng fossils as Myophoria nwpengensis, Healey, and 
Pecten (Syncyclonema) quotidianus^ Healey, an^. very common, while 
Burmesia lirata^ Healey, and an Avicvla related to the zone fossil, 
A. contorta, Portlock, also occur. These strata arc met with in a 
shaley series forming part of an anticlinal assemblage in the 
middle of a great spread of typical Ked beds. From the stand¬ 
point of official Indian geology they are indubitably of Rhaetic 
age but they are now classified as Upper Trias in Indo-China.^ 


The plant beds of 
Phong Saly. 


At the Signal Station of Phong Saly, the chief town of the 
Military Territory of the Upper Laos, a series of shales and 
sandy shales with abundant plant remains occurs below red 
shales and sandstones From the determinations of Mile. 

Colani the shales are believed to correspond 
to the lower of the ‘ two well-known groups 
into which the Ilongay flora of Tongking has 
been divided, that is to say, to the base of the Itliaetie. Now, 
although the plant remains which occur with the (*,oaI s(‘ams of 
Kalaw in the Southern Shan States are of UpptT Lias to Lower 
Oolite in age, according to Dr, C. S. Fox, quoting Dr. tJ. de P. 
Cotter.* I hold the personal opinion that they will eventually prove 
to be more comparable with the Hongay flora, as indeed Dr. Cotter 
himself once thought possible.^ Dr. B. Sahnrs investigations of 
the six specimens of conifers from the Kalaw collection show that 
each of them may equally well be of Rhsetic as of Jurassic age 
and the numerous ferns and cycads still remain to be re-examined.* 


^BuU. 8erv. (Uol. IndocMm, Vol. XIII, Faso. IV, p. 43, (1924); Mem. Sero. 
Qid. Jndochine, Vol. IX, Fasc. I, (1922). 

^BuU. Serv. Oiol Indochine, Vol. XllI, Faso. IV, p. 38, (1924). 

^ Mem. Oeol. Surv. Ind., LVIJl, p. 166. (1931). 

* Mec. Ged. Surv. Ind., LV, p. 34, (1923); ‘ Tho Mineral Deposits of Burma ’, p. 6, 
(1924). 

• Pal. Ind., N. 8., Vol. XI, pp. 99-101, (1931). 
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In explanation of this digression I wish to emphasize that the 
ooai-bearing series of Hongay and other places in Eastern Tong- 
Idng, the plant beds of Phong Saly, the Con Tagne beds with the 
Napeng fauna, and many other occurrences of the same kind in 
Indo-China, have been removed from the Rhaetic to the Norian, a 
position which in the opinion of M. Fromaget and other French 
geologists they share with the Napeng beds proper of the Shan 
States, the Namyau series and the brachiopod limestones of 
Yunnan. I reserve my views on the wider implications of these 
suggestions for a later paper dealing with the Trias of Yunnan, 
being concerned now only with the problem of the Liu-wun beds, 
the Namyau series and their more apparent equivalents. We may 
now consider the analogous brachiopod-bearing limestones of Pac 
Ma, Ban 0 and Hoang Mai. 

Discovered by Commandant L. Dussault in 1920, the brachio¬ 
pod limestones of Ban 0 and other places stretch from Ban 0 

. ., .itself, some six miles north of Samneua, the 

The brachiopod Hme- -l i i» • i* .i 

stone of Ban 0, etc., capital ot the province oi the same name in 

S«mncua Province, the Laos, in a series of discontinuous out¬ 

crops for about 30 miles across tributary valleys 
of the Song Ma river. No higher beds are known in the region 
and the available information about their underlying strata is not 
very precise. In places they appear to rest on a series of sand¬ 
stones and shales with beds of crushed rhyolite, but at others red 
sandstones and shales intervene. Their lower members are dark, 

calcareous shales and white, siliceous limestones followed upwards 
by purple and sometimes brecciated limestone. Theae beds, which 
are unfossiliferous, reach 640 feet in thickness and are overlain 
by 190 feet of hard, light grey, often oolitic and fossiliferous lime¬ 
stone, the Terebratula limestone proper. (Calcaires h Terebratules 
de Ban 0). 

For various reasons Commandant Dussault believes that the 
contact of these limestones with the underlying ro'*ks in the ex¬ 
posures which he examined is not a normal one, but must be 
regarded as possessing a tectonic character and it is shown as such 
in his sections. At different localities these lower beds have 
yielded Virglorian ammonites and Middle Triassic fossils, elsewhere 
again, shales with the Carnian ammonite MargarUes samneuaensiSf 
Mansuy, apparently occur. ^ 

Serv. Old* Indxichine, Vol, IX, Fasc. II, pp. 64-56, (1920). 
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The following fossils, determined by H. Mansuy and considered 
by him to show Callovian affinities, have been obtained at Ban 
0 :— 

Holcothyris laosensis, Mansuy. 

A%dacoihyri8 dmsauUi, Mansuy. 

ZeiUeria pentagona, Mansuy. 

Zeilleria intermedia, Mansuy. 

Pecten (?) banoensis, Mansuy. 

Pecten sp. 

lAmu sp. 

Neritopsidee undclerinined. 

To this list J. Fromaget adds Spirifervm of. lipoldi, Bittn. and 
Aulacolliyris inflata, Mansuy. The reasons for his proposal to 
remove these limestones from the Callovian (middle Jurassic) to 
the Norian (Uppermost Trias) will be better appreciated after 
the Hoang Mai occurrence has been described below. From the 
palajontological point of view, however, it is pointed out that 
Spiriferitia of. lipoldi occurs in the Carniaii of the Alps while 
Aulacothyris inftaia presents remarkable affinities with A. sandlin- 
gcrisis, Bittn. of the Alpine Norian. revision of the earlier fauna 
confirmed his view that the horizon is best attributed to the top 
of the Trias, for to him Zeilleria intermedia, Mansuy, apperrs identi¬ 
cal with Terebratula prcepunctata, Bittn., of the Daclistein (Norian); 
Zeilleria perdagona, Mansuy, seems inseparable from Terebratula hun- 
garica, Bittn., from the Demo Beds (Upper Norian) while Hoko- 
thyris laosensis, Mansuy is stated to be only a variety of Aulaco- 
thyris joharensis, Bittn.^ This species was described by Bittner 
from the well-knowm Bambanag section in the Girthi valley 
of the Kurnaon Himalaya, where it occurs with Spiriferina 
griesbachi, Dien., of the Norian.^ It remains to add that Dr. Cow^per 
Reed found some resemblance betw^een Zeilleria intermedia, Mansuy, 
and Terebratula cf. perovalis, Sow., from the Liu-wmn Beds, and 
states further, that his new species Terebratula (Holcothyris) ancile 
from the same Yunnanese locality, is somewffiat like Holcothyris 
laosensis, Mansuy. ‘ 

In 1921, Commandant Dussault, working in Western Tongking, 
between the Red river and the Laos frontier, described a series of 

» Op, Vol. XVIII. Faac. V, p. 23. (1929). 

« Pal, Ind., Ser. XV, Voi. HI, Pt. 2. pp, 67, 73, (1S99). 
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red, sandy conglomerates with a calcareous cement, rod limestones 
and calcareous shales. The narrow band of 
stones of^Pac* Ma, * etc!] these red conglomerates is known as the 
Black River Valley, ‘ Terrain Rouge and has been found at 
Western Tonklng. various places in the Black river valley, to the 
north of Pac Ma but particulaily to the south-east, indeed, in that 
direction the same conglomerates extend into the Samneua Province 
of the Laos, so that their groups of interrupted exposures stretch 
fbr at least 150 miles.^ 

On the left bank of the Black river, one kilometre below Pac Ma, 
chocolate coloured sandstones alternate with marly beds of the 
same tint containing bands of limestone pebbles and passing up¬ 
wards into the red conglomerate. This group is about 800 or 
900 feet thick, Above it are 160 feet of calcareous shale, passing 
into red limestone about 300 feet thick and followed in its turn 
by approximately 100 feet of calcareous shale again. This red 
limestone is the ‘ Calcaire Rouge a T^r^bratules do Pac Ma 
The locality is also described as Ba Ma by some French writers. 
On the right bank of the river rises a high cliff of Palaeozoic lime¬ 
stone. In other sections the “ Terrain Rouge rests discordantly 
on a sandy and shaloy series with interbed ded rhyolites and por¬ 
phyries, presumably of Triassic age, but the relations between it 
and these rocks is not clear. The following fossils occur at Pac 
Ma and have led to the attribution of a Callovian age to at least 
that part of the ‘ Terrain Rouge ’ in which they occur^ :— 

Auclacoihyris injlaia, Mansuy. 

Spiriferina lipoldi, Bittn. 

Terehratuh bamaensis, Mansuy. 

Terebratula compla7iata, Mansuy. 

lihynchonella cuneiformis, Mansuy. 

The two which head the list occur also at Ban 0 in Samneua 
and Fromaget’s remarks regarding them, given in the preceding 
paragraph, apply with equal force in the present case. In addi¬ 
tion we have here his further opinion that Terehraiula bamaensis^ 
Mansuy, is probably only a mutation of TerehraiTda Umahyana, 
Bittn. and that Terebratula complanata, Mansuy, is merely a variety 

* The term ‘ Terrain Rouge * is also used for various other formations of ‘ Red 
Beds ’ types in Indo-China, with which these particular rooks should not be confused. 

*Bm, 8erv,0i6l. Indochine, Vol. X, Faso. II, pp. 35-37, 66-67, (1921). 
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of T. bamaensis.^ Terebratula (Dielasma) Jdnialaymia, Bittn., is a 
common species in the lower subdivision of the Himalayan Mus- 
chelkalk of Spiti, Painkhanda and Joliar.^ Rhynchondla aff. cmiei- 
formis, Mansuy, is, according to Dr. Cowper Heed, represented in 
my own collection from Liu-wim. 

While the discovery of Upper Triassic ammonites in the brachio¬ 
pod limestones of Luang Prabang showed that they could no 
The Brachiopod Lime- longer remain in the Jurassic system, the 
stones of Hoang Mai, additional data aiforded by the Hoang Mai 
i\orthern Annam. sections completed the strati graphical evidence 

and confirmed the revised view that the Norian is their correct 
position in the geological scale. Near kilometre 239 of the Hanoi- 
Virih railway, exposures examined by M. J. Fromaget in 1927 ® 
displayed a fairly thick series of sandy shales identical with those 
containing Myophoria goldjussi^ V. Alberti elsewhere in the same 
region and correlated with the Upper Ladinian. {M. goldfussi 
is a characteristic fossil of the doloniitc-limit at the top of the 
German Lettenkohle, regarded by most Uerman authorities as 
Keuper but by others as Muschellcalk.^) These sandy shales pass 
upwards into more or less shaley sandstone containing small ferru¬ 
ginous pebbles, which arc followed in their turn by fairly thick 
masses of grey or red limestones with rounded lumps and layers of 
quartz of various colours. Throughout their whole thickness these 
limestones contain the remains of terebratulids, the commonest of 
wliich is identical with Aulacothyris wflata, Mansuy. Other forms 
include Aulacothyris sandlingensis, Bittn. and A. patricia, Bittn. 
of the Dachsteinkalk. All these sediments are pierced by partially 
brecciated, andesitic intrusions; they arc folded, and support, 
without any doubt, in spite of a local topographical gap, the 
almost horizontal sandstones and shales of the Rhaetic. 

In this same region, known as the Triassic ‘ Gulf ’ or ‘ Strait 
of Nghe An ’ and to the elucidation of which MM. Lantenois, 
Deprat, Jacob and Dussault have contributed, in addition to M. 
Fromaget, the shales with Myophoria goldfussi are underlaid, in 
conformable succession, by further shaly horizons with Hcernesia. 
Below these again, the Middle Trias is well developed, comprising 
at its base limestones with Mentzelia mentzeli, then a thin series of 

» Op. eU., Vol. XVIII, Faos. V, p. 23, (1929). 

•Peri. Ind., Ser. XV, Vol V, Mem. No, 2,p. 131, (1907). 

^BuU. 8erv. OM. Indochine, Vol. XVI, Fasc. 2, pp. 174, 181, (1927). 

• Traits do Geologic, Paris, p. 865, (1921). 
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shales with a rich fauna of aniinonites attributed to the Middle 
Virglorian, of which Xenodiscus middlenmsii, Diener, is very charac¬ 
teristic, and finally limestones and shales with various species of 
Ceratites. The base of the Trias is formed by conglomerates which 
unconforniably overlie the older rocks. These details are added 
here to show that the Tercbratula limestones of Hoang Mai lie 
at the top of a conformable sequence of marine strata, comprising 
most of the Triassic system. The marine deposits are confined to 
relatively narrow bands and pass laterally into red beds, sandstones, 
shales and marls of detrital or lagoonary origin which on both sides 
of the central chain of Annam and in many other portions of Indo¬ 
china, are, with the basal conglomerates, the only representatives 
of the system, conditions which I hope to show on some future 
occasion, are prevalent also in Central Yunnan. 

A study of the further progress made in the exploration and 
classification of the Mesozoic rocks of Indo-China up to the end of 

Recent French Inves- reveals nothing likely to lead to modi- 

tigations coiffirtn the ficatioiis in the revisions which have been 

"do^ed «n1S”chlna" contrary, new evidence has 

been forthcoming which confirms the earlier 
decision to regard the true position of the formations in question as 
uppermost Trias. At the same time it does nob simplify the diffi¬ 
culty of correlating them with the Shan and Yunnanese groups as 
represented by the Napeng beds, the Namyau series and the Liu- 
wmi limestones, though it does reinforce tlie case of the French 
writers for a thorough revision of their faunas. 

A paper of M. Fromaget’s published in 1935 contains his matured 
reflections on the stratigraphy and structural geology of Indo- 
China ^ and I must limit myself here to a suitable selection of the 
numerous observations which have since appeared up to the end of 
that year. 

Perhaps the most important corroboration comes from the 
southern part of the Military Territory of Lai Chau in Northern 
The mixed fauna and Tongking, where the depressed zone of the 
flora of the Samneua ' Samneua Syncline \ (in which the Carnian 
syncllne. Norian of neritic facies), 

meets the * Crystalline Arc of Song Ma \ itself covered by sub- 
continental Carnian and by neritic, littoral and lagoonal Norian 
deposits. To M. Fromaget, who surveyed it in 1936, the region 

> Bull. Soc. Owl. Frafuce^ 5tli Set*, Tonio IV, (1934). 



Part 2.] 


CoooiN Brown : Sirtchiopod Beds. 


197 


appears as a synthesis of all that is known of these formations in 
Indo-China, as practically every facies previously discovered is 
found in close association there. To Indian geologists it is of 
ominous importance because of the coexistence in the same horizons 
of authentic Trias and even neo-Triassic forms, such as the Halo- 
bias ; of forms which they have been taught to believe are Rhaetic 
from the Napeng fauna ; of plants from the Hongay flora; and of 
still more recent types such as the brachiopods of Luang Prabang 
and Pac Ma, which the French workers provisionally correlate with 
those from the Namyau and Liu-wun limestones.. 

In this syncline the Carnian, with various characteristic amnio- 
nites, supports a series of shales containing plan!- remains such as 
Podozafnites sp. and Pterophyllam cf. bavieri, and, in addition, a rich 
larnellibranch fauna. Of sixteen species identified from this, the 
following five are typical Napeng forms:— Gervillia aft', 'pnv- 
cursor^ Protocardia contusa. Cardunn neqmrn, Myopltoria napeii- 
(jensisy Burmesia Urata. Other well known Himalayan, as distinct 
from Shan, fossils, include Anodohtophora yrieshacld, Lima sub- 
punctata, and Ilalobia commata, all from the Upper Trias. In the 
vicinity of Sop Cop these beds bear calcareous intercalations with 
PalcBocardita buruca, as well as shaly ones with Pecten laosensis 
and rhynchonellids comparable with the Luang Prabang specimens. 
The intercalations, moreover, are perhaps only lateral facies indicat¬ 
ing slightly different bathymetrical conditions. 

The littoral and transgressive Norian of the Song Ma Arc is 
composed of sandy and marly alternations often of a pronounced 
detrital character, in the various members of which many Napeng 
fossils have been found. For example, from a series of nodular, 
brown, marly sandstones, situated about the middle of the group, 
the following have been identified, the Napeng forms being marked 
with an arterisk :—* Myophoria cf. napeugensis. Lima aff. striata, 
Lima striatoides,'^ Burmesia Urata,^ Protocardia cf. contusa, Pecten 
quotidianus, Anodontophora trapezoidalis, Ilalobia aff. lineata., 
* DenticuUna rmna, Terebratida cf. banuiensis, Ostrea sp. Here 
again there is the same association of a terebratulid from the brachio- 
pod limestones of Pac Ma with the Shan Rhaetic (?) fauna. 
Further to the north these Norian formations are replaced by a 
series of red, fossiliferous, lagoon deposits, consisting mainly of red 
sandstones, greenish conglomerates and marls with Estheria minnta. ^ 

1 C. B. Ac. 8c., Tome 201, No. 19, pp. 843-845, (4th Nov., 1935). 
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Attention may also be invited to tlie recently discovered succes¬ 
sion of littoral or very shallow sea deposits of' a sandy-shaly 
character, believed to be of Norian age and 
The Napeng fauna of characterized by a plenteous Napeng fauna, 
Tran Niii i. Ninh region of the Upper Laos. 

Cardium nequam and Burnieda lirata are common fossils here. In 
this case too, the fossiliferous rocks pass laterally into red beds.^ 

Finally, the latest investigations in the Norian deposits of the 
. Upper Laos syncline, some 50 miles to the south-south-west of 
Luang Prabang, though they have not re- 

UpieruoTSnctine!"' exposures of the brachiopod 

limestones themselves, have shown the exist¬ 
ence of sandy sliales of a ‘ terrain rouge ’ type which are correlated 
with the red sandstones lying above them elsewhere. Interbedded 
with them arci thin, brown shales, covered with impressions of a 
large species of Gervillia which presents remarkable affinities with 
G. 'praeursor of the Napeng beds.^ 

In his ‘ Introduction to the Tectonics of the Indosinides \ 
a remarkably able essay on the paleco-geographical evolution of 

. Indo-China and neighbouring countries from 

sedimentation in Indo- Permian to Liassic times, M. J. Fromaget 
China and adjacent maintains the Norian age of the deposits in 
question and their relations elsewhere, and as 
far as Indo-China is concerned there they are likely to remain. 
His brochure must be consulted for details of the various narrow 
geosynclines now mapped out, which, following the general emersion 
of south-eastern Asia in late Permian-early Triassic times, have 
opened and closed again, or otherwise modified their forms through¬ 
out the whole duration of the latter period, and of the contemporane¬ 
ous gradual development of the arcs between them, culminating 
in the Norian, in the genesis of the mountain structure of to-day. 
Here will be found the most complete and logical expose^ of the 
Indosino-Himalayan virgation which has yet appeared.® 

On the general question of the Norian sedimentation, the 
accumulated evidence from Indo-China and elsewhere, leads to the 

J G. R. Ac, Tome 201, No. 14, pp. 563-564, (30th Septr., 1936). 

* Jbtd,, Tomo 200, No. 24, pp. 2027-2088, (12th June, 1936). 

® Contribution a I’l^tude struoturale du sud-est de TAsie. I. Bssai but TEyolu* 
tion paloo-geographique de Plndoohine ot dos Contr^es avoiBinantes, depuis le PermieA 
jusqu* au Lias, (Introduction h Le Toctonique des Indosinides et PlisBements plus 
reconts), pp. 1-22, (1934). 
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conclusion that the earlier bathysmal deposits of the ancient depres¬ 
sions, as for instance, the two residual branches of the Himalayan 
geosyncline, were for the most part replaced by widespread sandy- 
shaly formations, containing the numerous shells of the littoral or 
partly neritic Napeng fauna, associated with various Alpine or 
Himalayan forms as well as with peculiar local varieties. These 
deposits betoken the progressive expulsion of the sea, or, in other 
words, general gcosynclinal regression accompanied by transgres¬ 
sion on to the abraded surfaces of the surrounding continental areas, 
phenomena familiar enough to geologists who have worked in the 
Shan States. On these grounds are explained not only tlie dominant 
lamellibranch element of the faunas, but also the detrital beds, some¬ 
times accompanied by coal seams, which are the results of tlie 
lagoonal regime established by the continental invasion. 

A little later in the Norian, certain depressions commenc^ed to 
sink regularly, though with some oscillations. Sedimentation con¬ 
tinued in the form of sands, shales and marls, but the faunas arc 
occasionally enriched with cephalopods, while other channels, be¬ 
coming deeper still, were filled with calcarcMis deposits containing 
brachiopods and corals or brachiopods and ammonites. Sedi¬ 
ments of these types arc often accompani(Hl or follow^ed by rod 
shales, sandstones and marls, with or without conglomerates of 
either calcareous or siliceous matrix. New lagoons on ihe con¬ 
tinental regions were silted up with sandy-slialy sediments and 
abundant vegetable debris, giving rise later to coal seams with the 
Glosso'pteris Mica flora. 

Of our region in particular M. Fromagot believes that in Noriaii 
times the Asiatic Archipelago was fringed exteriorly l)y a series of 
marine deposits, belonging, some to the "Gulf of Napeng” and the 
others to the Pacific ocean. The latter,, which may include some at 
least of the Myophoria sandstones of Pshang, Padang and Singa¬ 
pore, and other well-known Upper Triassic occurrences of Rotti, 
Timor, Serang, Buru and Misol, are of no immediate concern here. 
The Gulf of Napeng ”, he describes as an extension towards the 
north of the residual furrow {sillon) of the eastern branch of the 
Himalayan geosynclinc, closed over the greater part of its hmgth 
from the Middle Trias, and to it he attaches tlio Nap(jng beds, then 
probably the Namyau limestones--' ‘ which contain rhynclionellichs 
analogous or identical with the Norian forms of Luang Prabang’ 
and finally the Kamakala limestone of Amherst on the Burma- 
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Siaxa frontier. The Liu-wun limestones are not specified here, 
but there can be no question that they too would be included. 

The movements of the Norian seas accompanied the erogenic 
paroxysms which produced the Indosinides, “ chains of mountains 
of which the principal elements are confined to the right wing of 
the Virgation of the Asiatic Archipelago It follows that the 
mountain arcs of south-eastern Asia were already in existence in 
Upper Triassic times, and indeed it is shown elsewhere that the 
‘ Himalayan movements had very little effect upon them. 

I owe an acknowledgment here to M. F. Blondel, Director of 
the Bureau d'Etudes Geologiques et Mmieres Colonmles, Paris, and 
to Prof, Ch. Jacob, Director of the Geological Laboratory at the 
Sorbonne, for their kindness in obtaining and lending to me certain 
publications of the Senice geologique de VIndocMne, which were not 
obtainable at the time in London. 


V.- M, J. FROMAGET’S VIEWS ON THE POSITION OF THE 
NAMYAU AND LIU-WUN LIMESTONES. 

In preceding paragraphs we have seen how the positions pre¬ 
viously occupied by four great Mesozoic formations of Indo-China 
have been changed, in each case to the Norian; the brachiopod 
limestones of Pac Ma and Ban 0 from the Callovian, the shales 
with the. Napeng fauna of Con Tagne and many other localities 
from the Khaetic, the brachiopod limestones of Luang Prabang 
from the Lias and the coal and plant-bearing beds of Eastern Tong- 
king, Phong Saly and elsewhere from the Rhaotic. I shall now 
review the proposal that the Namyau series and the brachiopod 
bed of Liu-wun should be lowered to the same division, leaving 
for future consideration the Napeng beds except in so far as they 
affect the present argument.^ 

M. Fromaget admits that in the case of these extra Indo-Chinese 
formations, he cannot be equally positive, until the results of further 
surveys are available; at the same time, such 
comparisons as he has been able to make 
bMdly permit him to doubt the Norieu 
of both Napengs and Namyaus, while the Liu-wun beds, being 
entirely comparable with the latter, ought to follow their fate. He 
Is therefore led to correlate them all, with a question mark, in the 

»pull Serv. Q6ol Jfidochinef Vol. XVIII, Fa»c. V, |>p. 19-20, 30, (102f>). 
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same division as the displaced strata of Indo-China. He mentions 
the transgressive character common to all these formations and their 
extension over the margins of the earlier Triassic shores on to the 
continental borders, which is explained by a rising of the oceanic 
floors: extensions which are also betrayed by the absence or com¬ 
parative rarity of the earlier cephalopod faunas and by the presence 
of the littoral conglomerates, which have sometimes advanced for 
quite appreciable distances into the epicontinental seas. A study 
of the published accounts of the stratigraphy of the Napeng beds 
and the Naniyau series is not helpful towards a determination of 
their ages and no satisfactory description of their contacts has ever 
been given. M. Froinaget continues that, in a general way, the 
areas occupied by the two formations are independent, but he is 
impressed by the fact that they both rest on a conglomerate con¬ 
taining pebbles of Plateau Limestone as well as older rocks. From 
this point of view he finds no obstacle in regarding both the Napengs 
and Namyaus as synchronous lateral variations of the same formation. 

Stratigraphy furnishing no useful criteria, he is driven to rely 
on pahnontologic-al data to support his suggestion of their changed 
place in the succession, and in his opinion, as 
The pa!»otitoIo§ical 1 understand it, the arguments hitherto em¬ 
ployed have been insuflicient, in that they 
have failed to make suitable comparison with the results obtained 
in neighbouring countries. The known distribution of the Napeng 
fauna in Yunnan, Indo-Cliina, and Malaysia is now so wide-spread, 
that it cannot be discussed wdthin the limits of this paper. In 
any case its suggested removal from the Rhaetic to the Uppermost 
Norian is a small matter compared with the jump down of thirteen 
geological ages proposed in the case of the Namyau series and the 
Liu-wim beds. 

M. Froinaget recalls that S. S. Buckman attributed the fauna 
of the Namyau limestones to the Bathonian, more particularly 
from the presence of the genus Burmirhynchia which he rediscovered 
amongst the rhynchonellids of the English Middle Jurassic. To¬ 
day, he states, this argument will not suffice. In this connection 
DienePs opinion of correlations based on the distribution of brachio- 
poda is worth repeating, they 

* Very generally do not keep strictly to an exact geological horizon and there¬ 
fore can be used only in rare coses as reliable documents for an identification of a 
narrowly limited geological stage or zone*.^ 

» Pal. Ind., Scr. XV, Vol. 1, Pt. 5, j). 56 (1903). 
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Dr. L. F. Spath has criticized Buckman’s results recently in another 
connection, stating that 

* The principles underlying his methods were so thorouglily unsound as to 
make it doubtful whether any of his work could be trusted 
Again, he writes, 

‘ It is known that the snails from neighbouring ponds all boar the stamp of 
their own local habitat: and it would be easy to find indiyiduals of sufficiently 
diverse aspect for separation into genera as different as some of those created by 
Buckman for individuals 

These quotations refer it is true, to Buckman’s classification of 
ammonites but they certainly leave the reader in doubt whether all 
is well with the conclusions he drew from his multitudinous descrip¬ 
tions of the JNamyau brachiopods. 

The palaeontological evidence leading M. Fromaget to his sugges¬ 
tions is based on the fact that the common rhynchonellids occurr¬ 
ing with the Triassic ammonites, Discophyllit-eSy etc., in the lime¬ 
stones of Luang Prabang, i.e., Rhynchonella pseudoplmrodon^ Man- 
suy, and Bh. tnahei^ Mansuy, present the greatest resemblances, in 
the case of the first-named, with Burmirhynchia costata, Buckm. 
and B. subcostata, Buckm., and in the second case with B, orientalis^ 
Buokra. Further, Holcoihyris anyusta, Buckm. is claimed to have 
close affinities with H, laosensis, Mansuy, from Ban 0, as Dr* 
Cowper Eeed has indeed pointed out. 

Turning to the Liu-wun beds where again no precise strati- 
graphical indications are obtainable, M. Fromaget states that 
Burmirhynchia prwstans, Eeed and its six varieties from that 
locality, possess the same external resemblances to Rhynchonella 
mahei, Mansuy from Luang Prabang. Another species belonging 
doubtfully to the genus Cryptorhynchia is very close to Rh. cunei* 
formis, Mansuy, from Pac Ma, while in the case of Holcothyris, 
the species //. ancile, Eeed, is very near H, laosensis^ Mansuy, from 
Ban 0. The lamellibranchs are dismissed with the remark that 
the 12 species are divided amongst 7 genera, only one of which, 
Exogyra, is unknown before the Upper Jurassic, and its presence is 
not considered a sufficient argument to maintain the Liu-wun beds 
in the Jurassic. 

1 FaL Inch, N. S., Vol. IX, Mom. No. 2, p. 759, (19S3). 
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VI,-~CONCLUSIONS. 

It is apparent that the Liu-wun brachiopod beds are identical 
with at least some part of the limestones of the Naniyau series of 
the Northern Shan States. These are now 
The posi- regarded by the Geological Survey of India as 

beds end the Naniyau of Upper Jurassic age but are correlated pro¬ 
series. Palffiontoiogical visionally by the Service geohgique de Vlndo^ 
^ ’ Chine with various brachiopod-bearing lime¬ 

stones of Northern Tongking, Annam and the Laos, which through 
a revision of earlier results are now placed in the Norian. It is 
of importance, for the reasons given below, that this difference of 
opinion should, if possible, be composed, so that the picture of 
Indo-Chinese Mesozoic geology as a whole, of which both Yunnan 
and the Shan States are integral parts, may be brought as near 
completion as possible. As there is little hope of the collection of 
new evidence from Yunnan in the near future, the problem is limit¬ 
ed to a reconsideration of the available facts from the Shan States. 
It is a two-fold problem involving both paleeontology and strati¬ 
graphy. As regards the first, a revised and extended investiga¬ 
tion of the fossils which have been collected from the Namyaus and 
related beds is essential. It is regrettable that the brachiopods 
alone have been studied, for large collections of lamellibranchs 
were in existence many years ago and have been added to period¬ 
ically since then. In this suggested revision the Nahkyam fauna 
of ammonites and gastropods, together with the few Mesozoic fossils 
which have been found in the Southern Shan States, should be 
included. 

From a stratigraphical standpoint the relations of the Napeng 
beds and the Namyau series are of primary significance. The 
former, hitherto regarded as Ehsetic, may even- 
Stratigraphical tually prove to be Norian. The Namyau 

^ ’ and Liu-wiin limestones are, according to Dr. 

Cowper Reed, Kimmeridgian, while Dr. Fromaget, on the other 
hand, thinks that they are more or less contemporaneous with 
the Napeng beds. La Touche thought it improbable that any 
considerable break took place between the deposition of the Napeng 
beds and the Namyau series^. In another place he recorded that 
there is no evidence of a stratigraphical break between them'^. 


^ Mem, Gtol, Surv, Itid., XJiXlX, Pt. 2, p. 286, (1913). 
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These opinions are impressive, but even comparative contempora¬ 
neity of deposition cannot be accepted without impugning the date 
given to the Namyau series on paleeontological grounds. Buck- 
man explained away the difficulty as— 

‘ A phenomenon of deceptive conformability, or of conformability without due 
sequence^’. 

But a very wide time gap has still to be accounted for. 

Next comes the question of the sub-division of the series itself. 
Can it really be divided into two parts, as Buckman suggested and 
as the earlier surveys tended to imply; a lower one in which lime¬ 
stones predominate and an upper one built up mainly of shales P or, 
are the limestones more or less evenly distributed throughout its 
whole thickness, as some of the later maps seem to indicate ? In 
the latter case what are the faunal variations in the limestones of 
the upper and lower horizons and how do they change as the lime¬ 
stones themselves pass laterally into still shallower water deposits ? 
It may prove to have been incorrect to have regarded the w4ole of 
this great series, several thousands of feet thick, as of Jurassic 
age, on the strength of Btickman’s determinations of a notoriously 
unreliable group of organisms from some scattered and strictly 
limited portions of it. Instead of one or more Jurassic sub-divi¬ 
sions, we may perhaps be dealing here with a succession of deposits, 
generally unfossiliferous, and mainly of detrital, lagoonal and sub- 
contincntal types, ranging over most of the Triassic and Jurassic 
periods. 

The rearrangement of the Brachiopod limestones and related 
formations in French Indo-China has led to momentous changes of 

Tectonic problems. opi^i^n regarding the age of the major move¬ 
ments which have affected not only that 
country, but have at the same time involved the whole of south¬ 
eastern Asia, throughout a wide zone extending from the latitude of 
the Himalayas to the South China sea. We have seen in previous 
paragraphs how the beds in question lie in conformable sequence 
with older Triassic deposits and with them are often strongly folded 
together. In northern Tndo-China they are followed discordantly 
by Red Beds, often of the ‘ gr6s continentaux * type, which are 
but little disturbed, or, if that is not the case, they support over- 

^Pal. Ind., N. S..V 0 I. Ill, Mem. No. 2, p. 4, (1917). 

* Mem, Geol, 8urv, Ind,, XXXIX, Pt. 2, p. 304, (1913). 
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thnist masses of Palssozoic rocks. Between the two formations 
in the first case sedimentary breccias have often been recognised. 
The date of this discordance is the clue to the age of a period of 
extremely important folding which Prof. Charles Jacob was the 
first to realise belonged to the Mesozoic and to which he gave the 
name ‘ les mouvements majeurs As long as the Brachiopod 
limestones of Indo-China were believed to be Callovian or younger, 
these movements could not be regarded as any older than the Upper 
Jurassic and it remained for M. J. Fromaget, aided by the pal(eon- 
tological work of Prof. Etienne Patti', and others, to work out the 
true position. The overlying Red Beds, conglomerates, sandstones and 
shales, are now known to be no older than the Khajtic, by reason 
of the plant remains found in them in Eastern Tongking and else¬ 
where, and it follows that the age of the major movements, at one 
time regarded as a phase of the Himalayan ones, must be placed 
at the summit of the Trias, or at most at the bottom of the Rhsetic. 

Now, in association with V. P. Sondhi, I have showm that earth 
movements on an epirogcnic scale took place in the Ronthern Shan 
States sometime in the Mesozoic, resulting in the umivsnully severe 
crumpling of the Coal Measures there, before the Red Beds were 
unconformably deposited upon theni.^ While we were engaged 
in these surveys neither Mr. Sondhi nor myself were aware of the 
conclusions reached by onr French colleagues in an adjoining terri¬ 
tory. I have already stated my opinion tliat the age of the Coal 
Measures may have to be lowered from the Jurassic to at least the 
Rhaotic and I wish to withdraw'^ here my earlier remarks on the 
Cretaceous age of the Red Beds themselves.^ A recent opportunity 
of examining the so-called ammonites for the first time has failed 
to convince me of their alleged character. The Kalaw^ Red Beds 
at the moment can only be regarded as Rha'tic or later. 

It has now to be decided whether the discordance of the Sonth- 
em Shan States and the period of folding of wdiich it marks the upper 
limit, are to be synchronized with the corresponding ones now so 
widely recognised in Indo-China. Whatever decision is reached 
on this point however, another question remains—where are the 
signs of the operation of these events in the Northern Shan States ? 
They were events of regional magnitude which must have been felt 

8erv, Oiol. Indochine^ Vol. X, Faso. I, p. 192, (1921), 

8v.rv, Ind., LXVH, p. 236, (1933). 

•thid., p. 197, 

o 2 
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there because they affected Yunnan as well and were perhaps 
responsible, to an extent hitherto unsuspected, for the disturbed 
condition, of the Liu-wun beds and the rest of the Salween valley 
sections. La Touche’s description of the Napeng Beds is worth 
recalling in this connection. 

* They are frequently and highly disturbed and oontrurted in a most irtegnlar 
manner. The beds are often horizontal or only tilted for a space bnt within a few 
yards they may be violently folded and crushed, as if thqy had been masticated 
between a giant pair of jaws or passed through a pug-mill *. 

He ascribed this state of these rocks to settlement caused by 
the gradual underground solution of the limestone floor on which 
they rest.^ This is not a convincing explanation and no amotmt of 
settling of this kind could possibly account for the intense crushing 
and wholesale distortion of the fossils in the shales, which so greatly 
increased Miss Healey’s difficulties in their determination.* I 
suggest that these conditions, which are also typical of similar beds 
in Southern Yurman, were caused by the same movements which 
twisted and buckled, sheared and faulted the coal seams of the Loi- 
an (Kalaw) field out of any resemblance to their original shape and 
reduced the coal itself to powder. What portions, if any, of the 
rocks of the Namyau series were involved in these wide disturbances ? 
Their limestones often dip at high angles and are sometimes vertical, 
but is this entirely a matter of lateral Tertiary compression, as La 
Touche thought.® The recognition in the Northern Shan States 
of this great discordance separating the acutely folded formations 
from those which have only suffer^ milder, later pressures, could 
be made to serve as a trustworthy stratigraphical datum line. It 
may be that the latest surveys have already supplied the answers 
to these and similar questions and in that case their early publica¬ 
tion is earnestly advocated. 

Agreement on the age of the Liu-wun and Namyau limestones 
is also desirable &om a palseogeographical point of view, for they 
are the latest marine beds known over a 
conS^ra^nfc******** region approaching continental dimensions. 

The proof of the Notian age of rooks whidi 
French geologists believe correspond to them has established the 
fact that the last marine invasion of northern Indo-China finished 


1 Mm. Otol. 8urv. Ind., XXXIX, Pt. 2, p. 288, (ISIS). 
» Pal. Ivd., N. a. Vol. n, Mem. No. 4, m. 1-2, (1908). 
* flfm. Otel. Sun. Ind., XXXIX, Pt. 2, p. 867, (191?^, 
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with the Upper Trias, Should the beds in question have to remain 
in the Middle or Upper Jurassic, then it must be explained how this 
shallow Jurassic sea came to invade the Shan«Yunnan area and in 
what directions its oceanic connections lay, while to the south and 
south-east permanent emergence of the land had already taken 
place. Sir Henry Hayden believed that the latter part of the 
Jurassic was characterised by a gradual shallowing of the Hima¬ 
layan and Tibetan seas.^ Prof. Gregory’s ‘ Spiti Sea ’ cannot have 
crossed Yunnan and emerged in the direction of the Gulf of Tongking 
as he has, shown it to do,^ Prof. G. B. Barbour, in his modifica¬ 
tion of one of Ur. Grabau’s earlier maps, shows no connection between 
the eastern termination of a Middle Mesozoic Himalayan sea and 
another which covered most of the Bay of Bengal, including the 
southern end of the Arakan Yoma.® G. Stefanini joins his Hima¬ 
layan and Malaysian regions by a narrower waterway stretching 
almost due north and south across the eastern portion of the Bay 
of Bengal and beyond, which would presumably include both the 
Shan States and Western Yunnan."* Dr. C. S. Fox, remarking 
that information regarding the Traissic strata of Upper Burma— 
the Shan Plateau and the Chin Hills—is fragmentary, leaves his 
map in the same condition,* while Dr. L, F. Spath has pointed 
out that his marine beds in the Bay of Bengal area arc Cretaceous 
and not Jurassic,® The most complete series of palyeogeographical 
maps of South-Eastern Asia during the Mesozoic period are those 
of M. J. Fromaget —Les Mors et les Co^Uinents de VArchipd Asia- 
tique pendant Us Mpoques liasique et iriasique” and h^ihemas paleo- 
geographiques du Svd-Est de VAsie {Fermo-Carbonijere au Eorien^ 
and additions will doubtless be necessary to these when the Federat¬ 
ed Shan States, Karenni, and Upper Tenasserim, not to mention 
Siam, come to be completely surveyed. It remains to add that 

^ A Sketoli of the Cbograpby and Geology of the Himalaya Mountains and Tibet, 
p. 254, (1007). 

* Quart. Joum. QtoL 8 qc„ Vol. LXXXVl, Vt, 2, p. xei, (1030). 

* The Structural Evolution of Asia in “ the Structure of Asia,’* p. 197, (1029). 

* MoUuBohi e Brachiopod! Celloviani del Caracorum Spedizione Xtaliana de Eillippi 
neir Himalaia, Oaraoonun e Turchoetan Cineae (1913-1914), Ser. II, Vol. VI, p. 177, 
(1928). 

* Mem, Oeol. 8urv, /wd., LVIil, Pi. X, (1931). 

* Pol, Ind., N. S., Vol. IX, Mem. Ho. 2, p. 825, (1033). 

» SuU. Serv. Oiol. Indochine, Vol. XVlll, Ease. V, Plate, (1929). 

* Oontiibiition a L^Etude structurale du sud-est de TAsie. 1. Essai sui L’Evolu'- 
tion paleo-geographi^ue de Plndoohino et des Contr4es avoisinantea, d^uis le Permien 
jusq^w au liaa. (Introduction 4 Le Tectonique des Indoainides et dea Irliaaements plus 
reoente), Platea, (1934)* 
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while marine Liassic faunas have so far been found no nearer to the 
Shan States or Yunnan than Southern Annam and Cochin China, 
there is perhaps the possibility of their occurrence in other portions 
of the geosynclinal areas, though on the whole the period seems to 
have been one of continental conditions in Indosinia generally. 

The parts of the Shan States and Yunnan in which the Namyau 
series and the Liu-wun beds occur are of extraordinary interest in 
that tliey lie in the narrow zone which separat- 
The contrasted phyto- two wide-spread and strongly contrasted 
geographical provinces. regions. This has been 

explained by Trof. T. t}. Ilalle, as follows:— 

‘ As far as we know' at present the Areto-Carboniferous flora of China extended 
in the early rormiaii in a south-westerly direction as far as Yunnan and the inter¬ 
vening distance separating the two floras is thus not great. The exploration of 
Bouth-western Yunnan and Upper Burma may bo expected to throw some more 
light on the relations between the two phyto-geographical regions. Since the Aroto- 
Carboniferous region roaeht^s as far south as Sumatra, any barrier that can be 
imagined to account for the contrast between the two floras ought to have had a 
north and south extension ; in the first place one might think of a connection 
between the eastern jjart of the Himalayan goosynoliuo and the sea in the region 
of the present Bay of Bengal 

Tlie nearest known occurrences of the Gigantopteris flora in 
Chinese territory lie in Eastern Ytmnaii and the extreme south¬ 
western corner of Szechuan, 300 to 350 miles from the Burma 
frontier, but the recent discovery of Gigantopteris nicotinwfolicBi 
Schenk., in the Nam Ou valley of the Northern Laos, brings the 
flora to within under 150 miles of the Southern Shan States. When 
the many similarities which existed between both Palaeozoic and 
Mesozoic conditions in these two adjoining areas are considered 
it seems to me reasonable to expect that Gigantopteris itself will be 
found in the Shan States sooner or later. In the beds of the Nam 
Ou valley there is also the earliest immigrant from the Gondwanas 
proper— Schizomara gondwanaensis. Feist., associated with a dis¬ 
tinctly Triassic plant Neuropteridmm aff. polynnorphuni^ and the 
occurrence generally is believed by M. Fromaget to prove that land 
connections were definitely established between the two continents 
in Lower Triassic times.^ Prof. B. Sahni has concluded that the 
Shan States Mesozoic flora as a whole docs not show any obvious 

^ Pal. Bimca^ Ser. A, VoL 2, Fasc. I, p. 2d0, (1927). 

« a B. Ac. Be., Toma 197, p. 341, (20th July, 1933)« 
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affinity with any of the known Indian Upper Gondwana floras^ 
and, fldthough his full results remain to be published, the evidence 
available at present tends to show that while at the beginning of 
the Trias, floral migration was taking place from the Glossopteris 
to the Oigayiiopteris-hcaimg regions, at its close, or possibly a 
little later still, the tide had set more strongly in the opposite direc¬ 
tion from China to the Shan States, for some of the conifers from the 
Kalaw (Loian) coalfield have fairly close Chinese relations.^ 

Prof. Halle thinks that the abnormal north-south boundary line 
between these two floral regions may be found in some way con¬ 
nected with the tectonic features, an idea 
The eastern coast of which Prof. B. Sahni has recently elaborated 
Qondwanaland. suggestion of a wide oceanic belt of 

separation which was later closed by horizontal Wegenerian drift,^ 
a possibility mentioned earlier by Cotter in another connection.'^ 
These are matters outside the limits of our present discussion, but 
Prof. Sahni’a pica for investigations along the old Gondwana coast 
line in the Nepal-Assam-Burma region me^rit the strongest support. 
As regards the latter in particular, the resurvey of the Mogok Stone 
Tract commenced by myself and continued by A. K. Banerji, 
E. L. G. Clegg and L. A. N. Iyer, has proved that the crystalline 
rocks of that region, with probably their extensions through Mong- 
mit into the hills of the Burma-China frontier, are chiefly leprescnta- 
tives of types well known in Southern India; that the area in ques¬ 
tion is in fact an outlying portion of Peninsular India, separated 
from the main mass as the central, crystalline core of Assam is 
detached and that there exists here another isolated piece of Gond- 
wanaland. Further, there is no reason to suppose, as far as exist¬ 
ing knowledge teaches, that this particular fragment, whatever 
may have happened to the foundered section between, has had a 
different geological history to that of the greater part of the Indian 
peninsula itseff; possibly it has never been totally submerged 
since pre-Cambrian times. 

To the east and south-east of this part of the old continent lay 
the shallow sea in which the Napeng beds, the Namyau series and 
the Liu-wun limestones were formed. Their deposition took place 


I Pol. Ind., N. S.. Vol. XT, p. 116, (1931). 
p. 116, footnote. 

•Current Scieme, Vol. IV, Xo. 6, pp. 4-5, (1935). ^ , 

• Notes on the Geological Structure and Distribution of the Oil-beanng Bocka of 
and Burma. World Petroleum Congress, Preprint No. 168, pp. 7-0, (1933X 
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comparativelj close to tlie land, closer in fact than any o&er 
Secondary rocks known or likely to be discovered. Their con¬ 
glomerates are inshore, littoral and beach deposits while their 
faunas and general lithology alike reveal their true character. The 
red sandstones and shales of the higher parts of the Namyau series 
point to the generation of lagoonal conditions by the silting or slow 
dessication of a shallow strait or gulf, to which their salt occur¬ 
rences are also due. In addition to the surface of Gondwanaland 
on the west, a continental regime had been established on the east, 
and marine deposition was confined to a narrow channel in part 
of the earlier but by that time largely obliterated Permian geo¬ 
syncline. The presence of carbonaceous shales, coaly matter, 
coal seams and plant remains, sometimes in conjunction with marine 
organisms, amongst the Mesozoic rocks of the Shan States, are con¬ 
vincing additional proofs of the proximity of the land and in these 
terrestial remains it is not unreasonable to expect representatives 
of both great floras, for the locus is in a most convenient inter¬ 
mediate position. 

Thirty-six years ago P. N. Dutta collected plant remains from 
the Napeng beds of Kyinsi (Hsunoi), close to the confluence of the 
Nam Hsim and Nam Tu rivers near Bawgyo,^ but they still remain 
undescribed. It is also probable that various occurrences which 
have previously been classed with the underlying Plateau Lime¬ 
stone, belong in reality to the Mesozoic rocks. These include the 
following:— 

(1) The greatly contorted and in places vertical shales in a 

railway cutting, three miles east of Kyaukme Station, which 
according to La Touche, contain a phyllopod resembling 
Estheria mangiliensiSf Eupert Jones, from the Panchet 
beds of the Indian Qondwanas. together with plant 
remains.2 This appears to be the same locality as 
one termed ‘‘Lwekaw^* by Dutta and from which he 
collected both ferns and bivalves.® 

(2) The coaly layers traced for some distance by Dutta, near 

Manpwe, a station on the railway between Hsipaw mad 
Lashio.^ 

i Oen. Hep, Geol. Sttrv, Jnd,, p. lU, (ISSS-ISOO). 
ft Mem, Geoh 8urv, Ind,, XXXIX, Ft. S, p. 255, (1913). 
ft Oen. Hep. Geol. 8urv. Jnd*, p. 113, (1899-1900). 
ft Mem. Geol. 8urv. Jnd., XXXIX, Ft. 2, p. 255, (1918). 
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(S) The coal seams examined by myself, nine miles south of Wet- 
win in Hsipaw State.^ 

At fixst sight there may appear to be little in common between 
the Liu-wun beds of Yunnan and the plant remains of problematical 
Mesozoic age in the Northern Shan States, but all these matters are 
closely inter-related and any advance in our knowledge of one of 
them will assist towards a better comprehension of the others, at 
the same time making clearer the relations between the Gond- 
wanas and the Indosinias, as the contemporary continental forma¬ 
tions of more eastern regions are now termed. 


VII. BIBLIOGRAPHY. 


Babboub, G. B. , 
Bittneb, a. . 


BliONDEL, F. . 

Bkown, J. Ooggin . 


if 


if 


. “ The Structural Evolution of Asia ” 
in “ The Structure of Asia ”. (Lon¬ 
don, 1929). 

. “ Himalayan Fossils. Trias Brachio- 
poda and Lamellibranchiata ”. Fal. 
Ind., Ser. XV, Vol. Ill, Ft. 2, 
(1899). 

, “La Geologie et Les Mines dt Undo- 
chine Franjaise ”, (1932). 

. “Contributions to the Geology of the 
Province of Yunnan in Western 
China. No. 6, Geology of Parts of 
the Salween and Mekong Valleys ”, 
jRec. Geol. Surv. Ind., 2[LVII, (1916). 

. “Contributions to the Geology of the 
Province of Yunnan in Western 
China. No. 7, Beconnaissance Sur¬ 
veys between Shunning Fu, Ching* 
tung Ting and Tali Fu”. Bee. Geol. 
Surv. Ind, LIV, (1922). 

. “ Coal near Wetwin, Northern Shan 
States ” in “ General Beport for 
1914”. Bee. Oeoi. Surv. Ind., XLV, 
(1916). 


>£«. OeoLawn. IwL, XLV. p. 118, ( 1816 ). 



212 


Records of the Gfeologiedl Survey of Itidut. [ VoL. 71» 


Bbown, J. Coogin akd 

SONDHI, V. P. . . “ The Geology of the Countey between 

Ealaw and Taunggyi Ree. Oeol. 
Surv. Ind., LXVII, (1933). 

Buckman, S. S. . . “ The Brachiopoda of the Namyau 

Beds, Northern Shan States, 
Burma Pal. Ind., N. S., Vol. 
Ill, No. 2, (1917). 


Burbard, Sib S. G. and 
Hayden, Sib H. H. . 


Cotter, G. de P. . 




f) 


Credtier, W. . 


Diener, C. 


>» 




DcesAULT, L. . 


“A Sketch of the Geography and Geo¬ 
logy of the Himalaya Mountains and 
Tibet”. (Calcutta, 1907). 

“ General Eeport for 1922 ”. Rec. 
Geol. Surv. Ind., LV, (1923). 

“ The Mineral Deposits of Burma 
(Rangoon, 1924). 

“ Notes on the Geological Structure 
and Distribution of the Oil-bearing 
Rocks of India and Burma ”. World 
Petroleum Congress. Preprint 

No. 168, (1933). 

” Yunnan Reise des Gcographischen 
Instituts der Sun-yatsen Universi- 
tat. Teil II. Beobachtungen zur 
Geologie und Morphologie ”. (Can¬ 
ton, 1931). 

“ Permian Fossils of the Central 
Himalayas ”. Pal. Ind., Ser. XV, 
Vol. 1, Pt. 5, (1903). 

“ The Fauna of the Himalayan Mus- 
chelkalk”. Pd. Ind., Ser. XV, 

Vol. V, Mem. No. 2, (1907). 

“ The Anthracolithic Faunae of Kash¬ 
mir, Kanaur and Spiti Pd. 

Ind., N. S., Vol. V, Mem. No. 2, 

(1915). 

“ Exploration g4ologique de la Pro¬ 
vince de Samneua, Laos”. BvU. 
Serv. Qiol, Indochine, Vol. IX, Fasc. 
n. (1920), 



Past 2.] Ooaom Bbown : Bradhiopod Bed*. 213 


DUSSAVLT, L.. 

Dutta, P. N. . 

Fox, C. S. 


Fbomaget, J. . 


>1 




• ^*!l^tudes g^ologiques dans le Tonkin 

occidental BvU, Serv. Geol, 
Indochine, VoL X, Fasc. II, (1921). 

. “ Notes on the Geology of the Country 
along the Mandalay-Kunlon Ferry 
Eailway Route Oen. Rep., Geol 
Surv. Ind., (1899-1900). 

• The Gondwana System and Related 
Formations ”, Mem. Geol. Surv. 
Ind., LVIII, (1931). 

. “l&tudes g^ologiques but le Nord de 
ITndochine centrale Bull. Serv. 
Geol. Indochine., Vol. XVI, Fasc. 2, 
(1927). 

. “ Note pr^liminaire sur La Stratigra¬ 
phic des Formations Secondaires et 
BUT L’Age des Mouvements Majeurs 
en Indochine Bull. Serv. Geol. 
Indochine, Vol. XVIII, Fasc. V, 
(1929). 

. ‘‘ Sur la presence de la flore 4 Gigan- 

topteris nicotinifoliae dans le Haut 
Laos et sur la stratigraphic des 
Indosinias”. C. R. Ac. Sc., Tome 
197, (20th July, 1933). 

. Observations et Reflexions sur La 
Geologic stratigraphique et struc- 
turale de ITndochine”. Bull. Soc. 
Geol. France, 6th Ser., Tome IV, 
(1934). 

. ‘‘ Contribution a Tetude structurale 

dusud-est de I’Asie. I. Essai sur 
revolution paleogeographique de 
ITndochine et des contrees avoisi- 
nantes, depuis le Permien jusqu’au 
lias. (Introduction a Le Tectonique 
des Indosinides et des Plissements 
plus xecentSi (Hanoi^ 1934). 



Beoords of ^ ^eohgiaii Survey of India. £Voih W, 

Fbomaobt J. . . . “ Sur la d4oouvette de oouveaux t&- 

moios de Trias superieor maiin dans 
le synclinal du Haut Laos”. C. S. 
Ac. Sc., Tome 200, No. 24, (12th 
Jane, 1935). 

„ . . . “Le iWs superieur de la botdore ooci- 

dentale du Tran Ninh (Haut Laos)”. 
G. R. Ac. Sc., Tome 201, No. 14, 
(30th Sept., 1935). 

„ ... “Nouvelles observations sur le Trias 

superieur du Tonkin ooddental et 
sur I’age norien des couches h Myo- 
phoria mpengensis". C. R. Ac. Sc., 
Tome 201, No. 19, (4th Nov., 1935). 

Grabau, a. W. . . “Stratigraphy of China”. Pt. I, 

1925, Pt. II, Mesozoic. (Peking, 
1928). 

Gebgoey, J. W. AND C. J. “The Geology and Physical Geography 

of Chinese Tibet and its Kelations to 
the Mountain System of South-East¬ 
ern Asia ”. Phil, Tram., Ser. B., 
Vol. 213, (1925). 

GnsaOBY, J. W. . . “ The Geological History of the Pacific 

Ocean ”. Quart. Joum. Geol. Soc,, 
Vol. LXXXVI, Pt. 2, (1930). 

Hallb, T. G. . . . “Palaeozoic Plants £com Central 

Shansi”. Pal. Sinica, Ser. A, Vol. 2, 
Fasc. 1, (Peking, 1927). 

Hauq, £. . . . “ Traits de G6ologie ”, Paris, (1921). 

HsAiJiY, M. . . . “ The Fauna of the Napeng Beds ”. 

Pal. Ind., N. S., VoL II, Mem. No. 4, 
(1908). 

Hobson, G. V. . . in “ General Beport for 1929 ”. Rec. 

Geol. Surv. Ind., LXUI, (1930). 

HoFBET, J. . . . “ Sur la Structure du Haut Laos occi¬ 

dental”. C. R. Ac. So., Tome 199, 
(1934). 

Huano, T. SL. . . “The Permian Formations of South* 

era China ”. Mem. Geol. Sure. 
China, Set. A, No. 10, (1932). 



Part 2.] CJogoin Bkown : Bradhiopod Beds. 216 

Jacob, C. . . . “ Etudes g^ologiques dans le Nord 

Annam et le Tonkin Bvll. Serv. 
Geol. Indochine, Vol. X, Fasc, I, 
(1921). 

Jacob,C.ANDD trBSAUlT,L. “Exploration dans le Haut Laos”. 

Bull. Serv. Oeol. Indochine, Vol. XIII, 
Fasc. IV, (1924). 

Krapt, a. von, and Dinner, 

C.“ Lower Triassic Cephalopoda from 

■ Spiti, Malla Johar and Byans ”. Pal. 
Ind., N. S., Vol. VI, Mem. No. 1, 
(1909). 

La Touche, T. D. H. . “ Geology of the Northern Shan 

States Mm.. Geol. Surv. Ind., 

XXXIX, Ft. 2, (1913). 

Loczy, L. VON . . “Die wissenschaftlichen Ergebnissc 

der Reise des Grafen Bela Szechenyi 
in Ostasien”. Vol. 1, (1893). 

Mojsisovios, E. . . “Upper Triassic Cephalopod Faun® 

of the Himalaya ”. Pal. Ind., Ser. 
XV, Vol. IV, Ft. 1, (1890). 

Fattb, E. . . . “Etudes des quelques fossiles pal4o- 

zoique et m^sozoique recueillis en 
Indochine et au Yunnan. I. Fos¬ 
siles recueillis au cours de la Mission 
Jacob et Dnssanlt au Laos, 1921- 
29 Mm. Serv. Giol. Indotdivne, 
Vol. IX, Fasc. I, (1922). ; 

Reed, F. R. Cowper . “Fateozoic and Mesozoic Fossils 

ficom Yunnan ”. Pal. Ind., N. S., 
Vol. X, Mem. No. 1, (1927). 

„ , “Notes on some Jurassic Fossils from 

the Northern Shan States”. Bee. 
Geol.Swv. Ind., LXV, (1931). 

SaRNI, B. • . . “Revisions of Indian Fossil Flants, 

Ft. II. Coniferales (6. Fetrifac- 
tions)”. Poh Ind., N. S., Vol. XI, 
(19S«. 



216 lU(X>rds of ihe Geological Survey of IniM [Voi. 71, 

Sahni, B. . . . “Permo-Carboniferous Life Provinces, 

with Special Reference to India 
Current Science, Vol. IV, No. 6, 
(1935). 

Sahni, M. R. . . .in “ General Report for 1930 ”. Sec. 

Geol. Sure. Ind., LXV, (1931). 

„ . . . in “ General Report for 1931 ”. Rec. 

Geol. Sure. Ind., LXVl, (1932). 

„ ... in “General Report for 1932”. See. 

Geol. Sure. Ind., LXVII, (1933). 

„ . . . in “ General Report for 1933 Bee. 

Geol. Sure. Ind., LXVIII, (1934). 
Spate, L. F. . . . “ Revision of the Jurassic Cephalopod 

Fauna of Kachh, Part VI”. Pal. 
Ind., N. S., Vol. IX, Mem. No. 2, 
(1933). 

Stefanini, G. . . “ Molluschi e Brachiopodi Calloviani 

del Caracorum Spedizione Italians 
de Filippi nell’ Himalaia, Cara- 
coTum e Turchestan Cinese (1913, 
14)”. Ser. II, Vol. VI, Bologna- 
(1928). 

Waagen, W. . . . “ Productus Limestone Fossils ”. Pal. 

Ind., Ser. XIII, Vol. I, Pt. 2, (1880). 


Vin. EXPLANATION OF PLATES. 

Plato 26.—Geological map of parts of the Shan States and Yunnan. (Scale, 1 inchn 

22 miles). 

Plate 27.—Outline sketch map showing approximate- localities of brachiopod beds 
in Yunnan, the Shan States and Indo-China, (shaded area in Shan 
States is Namyau series) (Scale, 1 inch=160 miles, approx.). 
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(^introduction. 

In a valuable contribution to the geology, not only of the Shan 
States of Burma, but also to that of Indo-China and neighbouring 
territories, Dr. Coggin Brown^ has focussed attention upon the 
question of the age of various brachiopod bearing formations and 
certain other beds which, according to the views of French geologists^ 
in Indo-China, are of much older age than is attributed to them 
by workers on Indian geology. ThuvS, they have proposed to lower 
the age of the Namyau series, containing a prolific bracliiopod fauna 
composed of species of Holcolhyris and Burmirhynchm, and of the 
Liu-wun brachiopod beds, containing an identical fauna, from 
the Bathonian (Middle Jurassic) to the Norian division of the Upper 
Trias. It is proposed, similarly, to lower to the same horizon the 
Napeng beds of Rhaetic age, in spite of the presence in them of the 
zone fossil Ptcria (Avicula) contorUz, Portlock. There are other 
formations in Indo-Cbina, now placed in the Norian, with which 
these Shan States formations, hitherto assigned to the Middle or 


^ Jfee, Sun\ Ind,, 71, Pt. 2, pp. 170-216, (1036). 

• Fromaget, J., HulL 8erv» OSed, Indcchine, Vol. XVIII, Fa«c. 6, pp. 19-20, 30, (1929). 
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Upper Jtirassic, are correlated, so as to give, it is stated, a connected 
picture of the early Mesozoic geology of these regions. 

Although Dr. Brown’s leanings to the French view are evident 
from a perusal of his paper, ho has made it clear that the question 
of the age of these formations in the Shan States and Yunnan is 
still an open one, and that he has taken no particular side himself. 

The object of writing this note is to examine how far these views, 
based in the writer’s opinion upon mistaken hypotheses and com¬ 
parisons, are tenable. But I would also like to make it clear that 
my own definite views are expressed only in so far as the Namyau 
series, the Liu-wun and the Napeng beds are concerned. 


II.—EVIDENCE IN FAVOUR OF A JURASSIC AGE FOR THE 

NAMYAU SERIES. 

The assignation of a Bathonian age to the Namyau series is due 
to Buckman\ who first described a large collection of brachiopods 
made by La Touche from the Namyau beds. 
maaT"* ^ ^ Although Buckman’s palasontological me¬ 

thods have frequently been criticised, I believe 
with some reason, and his stratigraphical theories regarded as fanciful, 
I think his broader generalisations nevertheless are of value. 

His arguments for assigning a Bathonian age to the Namyau 
beds are threefold and to these I shall add such other evidence as 
has become available from the more recent investigations of other 
workers, since the publication of Buckman’s Burma memoir. It 
may be stated at once that later evidence tends to decrease rather 
than increase the age of these beds and is, therefore, still more 
opposed to the French view. 

The evidence deduced by Buckman may now be summarised. 

(1) Only two brachiopod genera, HohothyrU and Burrairhynchm, 
have been found in the Namyau series. There ate no known brachio- 
pod faunM, either European or Indian, with which the Namyau 
terebratulids and rhynchonellids could be compared, except in a 
general way. In fact the genus Holoothyrie has not, so fer, been 
found outside the Sino-Burmese region. How then are we to cor¬ 
relate species of this genus with European or other forms, in order 
to fix their horizon in geological chronology? Buckman supplies 


» ^aoltinui, S. S., Ptd . Ini ,, N. S., Vd. m, pp. 216-18, 
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the answer, not convincing in itself, but I may be permitted to quote 
him in full: 

‘ Taking the Terebratulids firet, there is a resemblance to a new series of Batho- 

nian forms, Avonothyris ; but it is only a general resomblancts not identity. 

this evidence can only be considered as indirect. 

* In the English strata, the genera Piychtothyris, Avonoihyris and (Jererithyris 
are obviously successive developments from a sulcato ancestor. There is a gf»o- 
logical gap separating Ptychtolhyris from Avonoihyris —the Fuller’s Earth and 
Great Oolite (Upper Vesulian and Lower Bathonian), there is another gap separating 
Avonoihyris from CWerithyris —the Forest Marble (Bathian). Eow it might be 
suggested that these gaps were filled by other developments from the sulcate anc*e8- 
tor, and that as Holcothyris is such a development there is a probability that its 
position in time corresponds with one of those gaps. Did it occupy the time which 
preceded or succeeded Avonoihyris^*. 

Leaving out the details, reference to wliicdi can be made in 
Buckman's memoir, a comparative morphogenetic study of these 
genera, according to Buckman, indicat(?s that ‘ Holcoihyris faUs into 
a gap between Ptychtothyris and Avonoihyris^\ and if the geological 
horizon of Holcoihyris synchronises with this gap, the genus would 
be of Bathonian age. 

It is true that this argument involves more than one supposition, 
but time and again intermediate stages of known forms have been 
predicted, looked for and discovered. The instance of Holcoihyris 
may be classed in that category, though it is not claimed that the 
genera mentioned stand in a true phyletic series. 

(2) More convincing and direct is the evidence supplied by 
species of the genus Btirmirhynchia, This genus has been recorded 
in the European Bathonian strata, but no identical species have 
been found in the two areas. This perhaps is not so surprising, 
for terebratulid and rhynchonellid faunas are often singularly res¬ 
tricted in the distribution of their species. I quote from Buckman 
again ; 

‘ As to the Rhynchonellids, there is a general resemblance to the European 
species of the Bathian, say, from Great Oolite to Combrash; but on analysis of 
mtemal structure there is found to be only particular, that is, generic resemblance 
in a few oases—to ceitain Bhynohonellids of the Great Oolite (Bathian) of England 
and France, more or less related to B. hopkinsi, Davidson, but mainly new species. 

The geological position, therefore, which is indicated by the generic affinities 
of the Bhynconellids is fairly confirmatory of that suggested by a more general 
lib»nesB of the Tarebratulids; it points to Bathian near about the Bradford CJay«’. 
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The evidence gleaned from the geological distribution of the 
genus Burmirhynchia^ therefore, also leads to the same conclusion. 

(3) Curiously enough there is no correspondence between the 
brachiopod fauna of Kutch and of the Namyau series of the Shan 
States. In fact the Namyau series shows a greater correspondence 
to the European than to the western Indian Jurassic, for at least 
one genus is common to the two regions. This, however, may be 
due equally to zoogeographical reasons as to paucity of collection. 
On the other hand, the genera Kutehithyris, Fhbellothyris, Cryptor- 
hynchia and Kutchirhynchia of the Putchum beds are found at 
various horizons in the Bathonian of Europe, containing species of 
Burmirhynchia, Indirectly we may, therefore, also correlate the 
Namyau series wuth the Putchum beds, and arrive at a Bathonian 
age for the former. 

It will be noticed that while Buckman’s arguments do not un¬ 
questionably denote a Bathonian age for these beds, it can at least 
be said without doubt that we are here dealing with Jurassic and not 
with Triassic forms. 

But this is not the whole argument. 

(4) Working on Dr. Coggin Brown’s collections from the Liu-wun 

Later views brachiopod beds (Yunnan), Dr. Cowper Reed 

pointed out that ‘ tho similarity of the brachioj)od 
fauna of theso Liu-wun bods with that of tho Namyau Ileds of Burma is striking, 
but in tho case of tho other fossils tho ovidonco doos not i>oint to tho same age as 
Buckinan deduced from 1-ho braohio])ods, for they have Oxfordian or Kimmeridgian 
affinities, and some of tho species are almost indistinguishable from common 
Kuropean Upper Jurassic fonns 

However, he states that * probably they came from a higher horizon 

than the Oxfordian series.On tho whole Kimmeridgian age may be 

ascribed to the fauna^ 

In the case of a still later collection made by Dr. Cowper Reed 
himself from the Northern Shan States he writes: 

‘ There does not seem any sufficient reason to revise the previous conclusion 
that tho position of these bods is in the Upper rather than in the Middle Jurassic, 
though possibly they are Oxfordian rather than Kimmeridgian and Grabau, who 
oonsidem that the faunas of the Yunnan and Bumeso beds are identical, is appa* 
rently of opinion that tho beds are of Bathonian age, as indeed Buckman concluded, 
but beds in the Malay Archipelago containing some of the same brachiopods are 
mentioned as probably of Oxfordian age®\ 
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Cowper Reed, therefore, also ascribes a Jurassic (it is true later 
than Bathonian) age to a part of the Namyau series. 


hi._evidence from outside the sino-burmese region 

More recently Miss H. M. Muir-Wood has described a Jurassic fauna 
from the Attock district, Punjab, containing species of Burmirhyn- 
cilia. These forms, comparable with the 
Wo2r*^ Mils Muir- species and collected by Messrs. 

Lahiri and Iyengar, are Burmirhynchia cf. nam- 
yauensis, Buckman, Burmirhynchia cf. parvn, B, Burmirhynchia cf. 
turgida, B, and they establish an important link with the contem¬ 
poraneous Mesozoic faunas of the Shan States. 

According to Miss Muir-Wood the age of these beds may be later 
than Bathonian. She states : 

* The presence of spcKjies of Burmirhynchia comparable to those of the Namyau 
beds of the Northern Shan States which S. S. Buckman assumed to the Bathonian 
but which may bo Callovian or later in age, is of interest, since no similar forms 
occur at Kachb. Species of Burmirhynchia occur however, at Shekh Budin, and 

will probably be found in the Salt Eangc Jurassic.similar forms also 

occur in the Callovian beds of Arabia,.Species of Burmirhynchia occur 

also in the Bathonian of Transjordan and in the Callovian of Somaliland^. ’ 

From this extensive distribution of the genus Burmirhynchiay 
(and the evidence of the co-existing fauna) in the Callovian and 
Bathonian beds of different parts of the world, pointed out by Miss 
Muir-Wood and others®, it can only be concluded that the genus is 
at any rate not older than the Bathonian. 

The attribution of a Triassic age to beds with Burmirhynchia y 
provisionally suggested by the French writers in Indo-China, does 
not, therefore, appear convincing. 

It may be noted, though it is immaterial to the problem we have 
in hand, that the genus HolcothyriSy which occurs frequently in asso¬ 
ciation with Burmirhynchia in the Shan States, has not so far been 
discovered in the Indian region, even at localities where Burmir- 
hynchia has been recorded. 

Finally I have in my own collections from the Northern Shan 
States a number of terebratulids that are certainly distinct from 


» Muir-Wood. H. M., Pal Ind., N. S., Vol. XX. Mom. No. 6, L. (1936), in presB. 

» Weir, J., Monogr. €tedl. Dwt., Glasgow Univ,, pp. 1-63, Pis, I-V, (1929). Diaz- 
Romero, Pelaeont. Italtoa» Vol. XXXI. pp. 1 - 61 , Pis. I«1IT, (1931). 





Holcothyris. They bear a striking resem- 
thfaSSor**^***^^"* blancc to certain Jurassic forms, while other 

shells I have provisionally referred to Gerere- 
thyris. Unfortunately 1 have not been able to devote attention to 
detailed comparisons of all these forms, though there is no doubt 
that the specimens are of Jurassic and not of Triassic age, 

IV,~-ARE THE LIU-WUN BRACHIOPOD BEDS OF NORIAN AOE. 

The Liu-wun brachiopod beds contain a fauna identical to that 
of the Namyau series, and, as pointed out by Coggin Brown^, the 
following species are common to the two formations— Hohothyris 
pinguis, Buckman, H. rostrata^ B. H, sybovalis^ B, Exogyra eminens^^ 
Eeed, and Exogyra hruntruiana^ Tlmrm., Pecten (Sytwlonema) luchi- 
artgensisy Reed, and Pecten (Camptonectes) lens, Sow. There can 
therefore be no doubt regarding the correlation of these two brachio¬ 
pod bearing horizons, namely, the Liu-wun and Namyau formations 
taken as a whole. 

I propose now to examine the nature of the palaeontological 
evidence in support of a Norian horizon attributed to these formations 
by the French geologists and deduced by them from a comparative 
study of the faunas occurring in the brachiopod bearing beds of 
Indo-China and the Burmese region. 

In my opinion the analogy is based upon an erroneous hypothesis, 
and the use of the term * Brachiopod beds * in a comparative sense, 
for some of the formations in Indo-China is in itself a misnomer. 
It tends (perhaps it is meant) to imply identity with the brachiopod 
bearing Namyau series. The mere presence of brachiopods in two 
formations is of no significance in correlation, unless it can be shown 
that the species arc identical. Indeed, as I shall later show ammo¬ 
nites really constitute the more important element in the fauna of 
certain Indo-Chinese formations which may, therefore, more aptly 
be termed ammonite (and not brachiopod) bearing beds. 

Among others, the following species occur at Liu-wun— Bunmr* 
hyncJiia praestans, Reed, Cryptorhynchia all. cuneiformis, and Hohch 
ihyrk aneile, Reed. Referring to this formation the following remarks 
appear: 

‘ Turning to the Liu-wun beds, where again no precise stratigraphlcal iitdioa^ 
tions are obtainable, Mr. Fromaget states that BurmirkyTichia praestans, Beed, and 

* Brown, J. Coggin, Bee. QeoL 8urv. Ind., 71, p. 183, (1936). 

* This species is now referred to Oryjkaea by Dr. L. R. Cox. 
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its six varieties possess the same external resemblances to RhynchoneUa tnaheif 
Mansny, from Luang Prabang. Another species belonging doubtfully to the genus 
Cryptorhf^kia is very close to Bh. cuneiformis, Mansuy, from Pac Ma, while in the 
oAse of Holcaihyris the species H. ancile, Eeod» is very near li, laoaensis, Mansuy 
from Ban 0. The lamellibranchs are dismissed with the remark that twelve species 
are divided amongst seven genera, only one of which, Exogyra, is unknown before 
the Upper Jurassic and its prtisenco is not considered a sufficient argument to main¬ 
tain the Liu-wun beds in the Jurassic’- *. 

The above statement is in my opinion somewhat categorical and 
unconvincing, for against it are the arguments placed by Buckmaii, 
the evidence deduced by Cowper Reed from the Namyau faunas 
elsewhere, the distribution of identical faunas in the younger Jurassic 
beds of India, Somaliland and Arabia, as shewn by Miss Muir-Wood 
and, finally, the presence in my own collections from the Namyaus 
(which are by correlation of the same age as the Liu-wun beds) of 
forms which are undoubtedly of Jurassic age. 

Furthermore, it will be observed that of the species mentioned 
above and occurring at Liu-wun, there is not a single instance of 
complete identity with forms from Luang Prabang, Ban 0, or Pac 
Ma, localities that are considered by the French geologists to be of 
Norian age. The relationship is only expressed by such terms as 
“ greatest resemblance ”, “ close affinities ”, “ same external resem¬ 
blances ”, but there is no identity of species in any case, except in 
that of the not very precisely identified form Rh, aff. cimeiformis, 
to which reference will be made again. 

It may, therefore, be said that no association of any of the defi¬ 
nitely known Namyau forms with faunas from Indo-Chinese loca¬ 
lities that are placed in the Trias by French geologists, has been 
demonstrated. 

It is true that when Buckman attributed a Bathonian age to the 
Namyau series he had only generic similarity with European forms 
to depend upon. However, later work has amply confirmed that if 
Buckman made a guess, it was an inspired one. 

I may perhaps be permitted to comment upon another argument, 
brought forward by Fromaget^ and referred to by Coggin Brown, 
regarding the lamellibranch fauna of the Liu-wun beds (see page 8). 
It may be stated that if all the lamellibranch genera are such as have 
a range extending into the Trias, the presence of Exogyra may really 

» Brown, J. Coggin, Loc, oU., p. 202, (X936), Frpmaget, J., Bull. Serv. Oiol. Indo* 
oMfie, VoL XVin, Faso. 6, p, 31, (1929). 

• p. 31. 
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be the crucial link in the chain of evidence establishing a Jurassio 
age for these beds. The other six genera prove nothing positive 
either way, and they at least do not prove that the beds could not be 
Jurassic. The evidence of Exogyra is therefore also in favour of the 
official view of the Geological Survey of India that the beds are 
Jurassic. 

Finally, it is obvious that although the Liu-wun beds can be 
correlated with the Namyaii series they cannot at present be com¬ 
pared with the [ndo-Chinese formations, and if the latter are Triassic, 
as claimed by the French geologists, they can hardly be contem¬ 
poraneous wdth the Liu-wun beds. 

We now come to a consideration of the age of another important 
formation in Indo-China, the Luang Prabang bedsh 

These beds are described as the ‘ Brachiopod Limestone of 
Luang Prabang As I have previously pointed out, this term is a 
misnomer, for ammonites and not brachiopods form the more im¬ 
portant element of this fauna, once supposed to be of Liassic age. 
As pointed out by Coggin Brown, Fromagct himself attributes 
‘ no importance to the brachiopods which make up llie bulk of the fauna, in spite 
of the fact that certain Rhynchonollids are admitted to be identical or to piesent 
close afhnites with examples from the Namyau and Liu-wun limestones* *. 

It is stated (after Fromaget) that ‘ common rhynchonellid species 
occurring with the Triassic ammonites Dhcojpihyllites, etc., in the limestone of 
Luang Prabang, i.e., EhynchoneMa pficvdophurodon, Maiisuy, and Mh. Mahci, 
Mansuy, present the greatest resemblances, in the case of the first named with 
Bwrmirhynchia costata, Buckman, and B. suheostata, Biickm. and in the second 
case with B. orientalis^ Buckm. Further, Holcothyris angnsta, Buckm. is claimed 
to have close affinities with H. laosenais, Mansuy, from Ban 0, as Dr. Cowper Bead 
has indeed pointed out* 

It will be noticed again that of the brachiopod species occurring 
at Luang Prabang mentioned by Dr. Brown there are no rhyncho- 
ncllid species identical with either the Namyau or Liu-wun brachio¬ 
pods, except a species doubtfully identified as Rh, aft, cuneiformis. 
There are general resemblances between the Shan and Indo-Chinese 
forms, it is true, but not in a single instance have they been shown to 
be completely identical. And except in the case of Holcothyris 
laosensis from Ban 0, none of the brachiopods are kx^own even to 
belong definitely to genera occurring in the Shan States. 

^^Jacob, C. and Biissault, L., BvU. 8crv. Oiol Indochinc, Vol XIII, Fasc. IV, p. 62, 
* Loc, cU., p. 190. 
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It therefore follows that the Triassic ammonites from Luang 
I^tabang are not associated with definitely known Namyau or Liu- 
wun forms, and unless an extensive association of such forms is 
shown, the age of the Namyau beds cannot be lowered to the Norian, 
nor can the Luang Prabang beds be compared with the former. 

The brachiopod limestones of Ban 0 and Pac Ma, formerly 
classified as Callovian, are now placed in the Norian, but since there 
are no forms in the Ban 0 or Pac Ma limestones that are identical 
with the Namyau brachiopods, a comparison with the latter is simi¬ 
larly futile. The occurrence of Hohoibyris hosensis at Ban 0 is not 
sufficient to institute a correlation and to state that Namyau forms 
are associated with Triassic forms at Ban 0. In the present instance 
there is at best only generic and not specific identity. And in thci 
writer's opinion a critical study of this species may ultimately reveal 
that it cannot be referred to Hokothyris at all. 

The conclusion is again the same, that no definite association of 
Namyau forms with undoubted Triassic forms in Indo-China has 
been shown to exist. 

V.^THE AQE OF THE NAPENG AND OTHER BEDS. 

I now come to the second proposal, namely, to 1ow(t the Napeng 
beds of Rhaetic age and other formations in Indo-China <'‘ontaining 
a Napeng fauna, to be Norian. This of course is not so serious a 
matter as the lovirering of the Naniyaus to the Trias, but it merits 
discussion. 

The evidence that militates against this presumption appears to 
me to be quite strong. Apart from the presence of several forms like 
Cassianella cf. suhspedosa, Martin, Myophoria of. enmerichii, Winkler, 
Isocyprina ewaldi^ Borneman, that are closely related to Rhaetic 
species, there are at least three other species Pteria {Aviaala) con- 
torta, Portlock, Grammatodon lycetM, Moore, and GervilUa praecursor, 
that are definitely European Rhaetic forms, and one of these, Pteria 
(Avicula) contorta, Portlock, is the zone fossil that definitely stamps 
the age of the Napeng beds as Rhaetic. This identification has also 
been supported by Kossmatt, so that there could be no doubt as 
to its authenticity. 

According to the French^ view certain beds at Con Tagne contain¬ 
ing a typical Napeng fauna and even “ an Avkula related to the 

’Jacob, C. and Bussault, L., BuU. Serv. (HoH. Indochint^ Vol. XIII, Fasc. IV, p. 43, 
1024 ). 



226 


Records of the Oechgie<d Surv^ [VoL. 71^ 


zone fossil A. contorta^ Portlock ” are also referred to the Norian 
though it is stated that * from the standpoint of official Indian geology 
they are indubitably of Rhaetic age^ *. 

It would appear that if the view of the French geologists is 
accepted, the value of an important zone fossil like Pteria (Avicuh) 
contorta must be nil. If, on the other hand, the identification of 
the species from the Napeng beds of the Shan States and the Con 
Tagne beds of Indo-China is correct, and there appears no reason to 
doubt it, for Kossmatt^ also confirms it, the Rhaetic age of the 
Napeng beds cannot be easily impugned. 

Dealing with the fauna of the Sanmeua syncline it is stated by 
Coggin Brown (according to Fromagct’s views) that ‘ hero again there 
is the same association of a terebratulid from the brachiopod limoBtones with the 
Shan Rhaetic (?) fauna^ 

This needs comment. As I have pointed out on a previous 
page, the association of a terebratulid with this fauna is of no signi¬ 
ficance at all,—there may be a score or more of terebratulid species 
associated with the Shan Rhaetic fauna,—but the question is, are 
they identical with the terebratulids from the Namyau scries and 
the Liu-wun brachiopod beds of the Yunnano-Burmesc area, or even 
with those occurring in the ammonite and brachiopod bearing beds 
of Luang Prabang, containing cephalopods of Triassic age ? 

In the present instance only a single terebratulid —Terebratula 
cf. hamaensis, has been found associated with a Shan Rhaetic fauna 
and even this is not identical with any of the forms recorded from 
the various brachiopod horizons in the Shan States. The conclusion 
is once again inevitable that the Napeng beds, the Con Tagne and 
other beds in Indo-China containing Rhaetic fossils cannot be corre¬ 
lated with the Namyau or Liu-w^un beds and that no case has been 
made out for regarding all these formations as contemporaneous. 

My own view is that in the case of the Indo-Chinese formations 
described as brachiopod bearing beds, lower horizons are repre¬ 
sented than those of the Red Beds of the Shan States and Yunnan, 
that is, the Namyau and Liu-wun formations. And if it has been 
found necessary by Fromaget and others to lower the^ age of some 
of these Indo-Chinese beds, formerly placed in the Lias or in the 
Callovian, a case has hardly been made out to bring down with it 

1 Loc^ dLp p. 191. 

* In La Touche, Mem. OecH, 8nrv. Ind^ XXJCIX, p. 2S9, (1913), 

• Loc, eii.t p. 197* 
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the horizons of the Shan Mesozoic formations in the face of multifold 
faunal evidence. 

The question is of importance from another view-point, for it 
will afiect the age attributed to earth-movements in this region. 
However, this question has been dealt with more fully by Dr. Coggin 
Brown^ and I shall not discuss it further. 

Finally, I would mention another question brought forward by 
Coggin Brown regarding the sub-division of the Namyau series into 
a lower and an upper division—^the Namyau limestones and Namyau 
shales respectively. My survey of almost contiguous areas to those 
mapped by La Touche and others has shown that this division is 
non-existent. 

I have to thank my colleague, Mr. E. R. Gee, fw valuable sug- 
gestions in the preparation of this paper. 

Summarised, the main conclusions are as follows:— 


VI.—SUMMARY. 

(i) The Liu-wun beds contain an identical fauna to that of the 
Namyau series and are contemporaneous with the latter. 

(ii) Neither the Namyau nor Liu-wun formations contain any 
fossils that are definitely known to be of Triassic age. 

(iii) On the other hand, definitely known forms of Jurassic— 
Bathonian to Eimmeridgian, ages have been recorded from these 
formations. The beds are, therefore, not older than the Bathonian, 
and in any case cannot be referred to the Trias. 

(iv) None of the Indo-Chinese formations contain species that 
can be definitely said to be identical with those from the Namyau 
or Liu-wun beds. Therefore, at present , a correlation between the 
latter two and the Indo-Chinese formations can hardly be suggested. 

(v) The Napeng beds are of Rhaetic age. The Con Tagne beds 
in Indo-Ghina toust be similarly classified on account of the presence 
of Ptena (Avioula) otMorta, Portlock, the zone fossil of the Rhaetic, 
and of a fauna identical to that of the Napeng beds. 

(vi) Lower horizons appear to be represented in Indo-China than 
in the Yunnano-Burmese area. At present we have not suflScient 
data to institute comparisons between the faunas of the two regions. 
When our knowledge of the Upper Triassic faunas of Yunnan and 
neighbouring territories increases such comparisons may become 
poasihfo. 

^ Xoc. cU,f p, 204. 

1 
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VII.—POSTSCRIPT. 

Since this paper went to the press my attention has been drawn 
to a recent contribution by Dr. Cowper Reed^, describing certain 
lamellibranchs from the Namyau series. Dr. Reed has provisionally 
distinguished two horizons, namely, the Cornbrash and the Batho- 
nian on the basis of the lamellibranchs. 

This is of interest since, in the General Report for 1986, when 
referring to certain brachiopods collected by me from Hsai Hkao, 
in the Northern Shan States, it was stated that ‘the terebratulids 
from Hsai Hkao appear to indicate a Cornbrash date 

With regard to assigning definite horizons to the faunas from 
the Namyau and other beds, some doubt is bound to remain till 
extensive collections from them have been described. Thus, in the 
case of the Mesozoic bed of East Africa, Dr. Cox finds ‘it impossible 
to discriminate betm^een the Bathcmian and Callovian from the evidence of the 
gastropods and lamellibranchs alone ’. This fact has been emphasised by 
Dr. Reed who further states* ‘much less, therefore, can we draw final 
conclusions from the lamellibranchs alone in the coUeotion 

Dr. Reed’s description of the lamellibranchs, however, leaves 
no doubt as to the Jurassic age of at least part of the Namyau 
series, and confirms the broader conclusions arrived at from a study 
of the branchiopods alone, from the same series elsewhere. The 
Norian-age theory of the Namyau and Liu-wun beds can, therefore, 
hardly be maintained, even on the evidence of the lamellibranchs, 
whose investigation Dr, Coggin Brown has rightly advocated.^ 
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MISCELLANEOUS NOTE. 

Quarterly Statistics of Production of Coal, Gold and Petroleum 
in India : January to March, 1936. 

Cod. 


— 

January. 

February. 

March. 

(Quarterly 

total 

for 

each 

Province, 




Tons. 

Tons. 

Tons. 

Tons. 

.\s8ain 



21,338 

17,020 

16,382 

54,740 

Hahichistaii . 



253 

250 

505 

1,00S 

Bongal 



581,756 

699,213 

620,850 

1,901,810 

Bihar and Omsa . 



1,113,954 

1,222,154 

1,096,234 

3,432,342 

(.Vntral Hroviiuu5> . 



146,288 

149,687 

127,236 

422,211 

Punjab 



13,280 

13,391 

16,451 

12,122 


'J'UTAL 


1,875,869 

2,101,716 

1,«76,658 

5,854,242 


QoU. 



January. 1 

February. 

March. 

Quarterly 

total 

for 

each 

Company. 


Ozs, 

Ozs. 

Ozs. 

Ozs. 

The Mysore Gold Mining Ct)., 
Ltd. 


7,655 

8,lfi0 

23,97S 

The Cham^iion Koof Gold Mines 
of India, Ltd, 

0,884 

5,519 

6,881 

17,284 

The Ooregntb Gold Mining 
Oompany of India, Ltd. 

4,186 

4,180 

4,175 

12,640 

The Nnndydroog Mines, Ltd. 

0,604 

8,935 

0,444 

27,883 

Toi'A-L . 

27,736 

26,289 

27,660 

81,685 
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Petroieum. 


— 

Crude 

Petroleum, 

Total 
gasolene 
from natural 
gas.^ 

Assam.. . 

GaUons. 

16,235,(mi 

Gallons. 

Nil. 

Burma 

66,402,103 

1,937,663 

^unjab. 

1,439,440 

118,171 

Total . 

84,076,634 

2,066,734 


♦ These figures represent the total amounts of gasolene derived from natural gas at 
the well'hoad. Of these amounts, a portion is sold locally as ‘ |)ctTol ’ and the romaindfU’ 
is mixed with the crude petroleum and sent to the refitWies. The figures given in the 
two columns, therefore, together represent the totaJ * raw products * obtained. These 
remarks apply to the similar totals quoted in previous Records. 


A. M. Hekon. 
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OSTREA (CRASSOSTREA) GAJENSIS, VRED., FROM NEAR BARIPADA. 

Left valve, external view ; Fig, 2. Left valve, internal view (another specimen); Fig. 3. Right valve, internal view (another specimen). 

(AW figures slightly reduced). 
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SPECIMEN, FORMERLY REPORTED TO BE A CEPHALOPOD, 

FROM RED BEDS OF KALAW. 

Ail figures are of natural size. 
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N, SawM, dtl. G, S, I,, Ctituftt. 

A'i)/#.—Prepalaeozoic includes Mogok and Frontier gncis<!es and associated crystalline rocks, Chaung Magyi series. Kaoliang scries, Tawngpcng granite 
and other intrusives. The limits of the Liu-wun beds in Yunnan arc only diagrammatic. 
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I.-INTRODUCTION. 

T he inotliod of olassification adopted in the firat Review of 
Mineral Production })ublished in those Records (Vol. XXXll, 
1905), although admittedly not entirely satisfactory, is still the 
best that can be devised under present conditions. As the methods 
of collecting the returns become more precise, and the machinery 
employed for the purpose more efficient, the number of minerals 
included in (’lass 1—for which approximately trustw’orthy annual 
returns are available- iiuToases, and it is hoped that the minerals 
of Class 11 - for which regularly recurring and full particulars can¬ 
not be procured -will in time be reduced to a very small number. 
In the case of minerals still exploited cliiefly by jirimitive Indian 
methods and thus form mg the basis of an industry carried on by a 
large number of persons each wwlcing independently and on a 
very small s(;ale, the collection of reliable statistics is impossible ; 
the total error from year to year, however, is characterised by 
some degree of constancy, and the figures obtained may be accepted 
as a fairly reliable index to the general trend of the industry. In 
the case of gold, the small indigenous alluvial industry contrilmtes 
such an insignificant portion to the total outturn that the error 
from this source may ])e regarded as negligible. 

Since the figures of mineral production published in these Re¬ 
views are in many cases greater than those published in the Amiual 
Returns ol the Chief Inspector of Mines, it is desirable to explain 
that the figures published hy the Chief Inspector of Mines are con¬ 
fined to mines and woihings that come under the Minos Act, which 
relates only to British India; whereas the figures published in 
these Reviews include the jiroduction of both Act and uon-Act 
workings in British India, and also the production of the Indian 
States. For the provision of the data w^e are indebted to the Chief 
Inspector of Mines and the Local Covernments in respect of British 
India, and to the Indian Durbars aivl Political Agents in tlie <*,asc 
of Indian States. 

The average value of the Indian rupee during the year 1935 
was Is. ilf.jd. ; the highest value reached w^as J.v. (J-Jrf. and the 
low’ost Ls*. The values for 1955 shown in the tables are 

given on the basis of Ly. to the rupee , for ease of calcuLa- 

tion, £1 lias been taken to be equivalent to Rs. J3-3 instead of 
Rs. 13-27. 
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Table 1 shows the total value of minerals for vliioli returns of 
production are available for the years Ib3t and 1935. The average 
figure for the quinquennium, 1919>1923. was £25,194.123. Tn the 
following year, 1924, there was an apparent increase of over 
£3,500,000; this was, in part, however, duo 1o the higher average 
value of the rupee during that year. Siiioo 1924, there has been 
a steady decline, which persisted down io the year 1928, for which 
the value was £21,888,528. There was an arr(3st in this decline in 
1929, w^hich showed an increase in total value to £22,328,()8(), or 
aboiO 2 per cent, over that of 1928. in 1930. however, the decline 
was resumed and the total value of the prodiictior* foil amnially to 
£15,()12,236 in 1932. In 1933, the tide tiinied again and the total 
value of the output increased by nearly l'L00O,O()0 to nO.599.837. 
This rise continued in 1931 wlien the iota) \aluo iiiereasod by 
£1,008,550 to 1:17,068,387 and in 1935, by £1,851,649 to £19,520,030. 
Of each of the sixteen minerals wdth a \ahie of over £100.000 
annually, increases are showm by manganes(‘-oi'e (141*9 per cent.), 
zinc concentrates (41*9 per cent.), siher (30*7 per cent.), mica 
(33*9 per cent.), lead and lead-ore (28*2 per cent.), nickol-spoiss 
(21*8 per cent.), iron-ore (19'4 per <5ont.), cop])6n‘-ore and matte 
(9*3 per cent.), tungsten-ore (4*1 per ceiit.), gold and petroleum (3*8 
pel* cent.), coa! (3*1 per cent.), building materials (2*9 per cent.), 
salt (0*1 per cent.) ; (ie(;roas<vs arc shown by saltpetre and tin-ore 
(0*2 f>er cent.'i. Coal remains at. the head of the list, of values 
as the most important mineral, whilst manganese-ore, India's other 
most distressed mineral indust.jy. continues to make a recovery. 
Amongst less imj>ortant minerals the largest increases in value 

are showui by zirco]i. inonazite, lauixite, hoi vl, graphite, refract.ory 

materials, antimonial lead, chromite and ilinemtc : whilst the most 

important dem’eases are shown by diamond, jadoito, ruby, 
sapphire and spinel. 

An increase or decrease in yalne does not alw^ays correspond to 
a similar variation in output-, and cannot, therefore, he regarded 

as an infallible indication of the state of an industry. But in 
1935, in all cases, with four exceptions, an increase or decrease of 
value accompanied an increase or decrease in the (plantity of pro¬ 
duction. The, exceptions were saltpetre, tin and felspar, in which 
increases in output were ac<‘.ompaniod by decreases in total value ; 
and salt in which decrease in (quantity was accompanied by increase 
in value, 
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Table To/aZ Value of Minerals for which returns of Production 
are available for the years 1934 and 1935. 


— 

1034. 

1935. 

Increase. 

Decrease. 

Variation 
per cent. 


£ 

£ 

£ 

£ 


Coal .... 

4,741,425 

4.903,822 

162,397 

• • 

4-3-4 

Petroleum (u) 

4,514,389 

4,685,333 

170,944 


4-3-8 

Gold .... 

2,200,836 

2,285,848 

86,012 


4-3-8 

Ixmd and lead-ore (h) . 

787,859 

1,010,414 

222,605 


4- 28-2 

Manganese-ore (d) 

388,240 

950,630 

562,390 


4-144*9 

Building nuitc'rials 

860,116 

886,190 

26,074 


4-2*9 

Salt .... 

877,720 

878,882 

1,162 

,, 

4-0-1 

Silver 

662,867 

769,464 

206,697 


4-36-7 

Tin-ore 

764,688 

763,081 

,, 

1,607 

-^0*2 

Mica (c) . 

453,423 

604,111 

150,688 

4-33-2 

Gopper-ore and inatt<‘ . 

422,537 

462,031 

39,494 

• • 

4-9*3 

Tungsten-ore 

284,956 

296,693 

11,737 


+4-1 

Zinc concentrates 

201,309 

285,666 

84,357 

• • 

4 41*9 

Iron-oro 

223,443 

266.042 

43,499 


+ 19*4 

Nickel-speiss 

86,401 

106,269 

18,808 


4-21*8 

Saltpetre (r) 

100,614 

100,420 

194 

~-0*2 

Ilmenit^e 

(e) 39,245 

68,789 

1*9,644 


4-49*8 

Chromite . 

23,313 

36,087 

12,774 

• • 

4 54*8 

Refractory materials . 

13,519 

30,301 

16,782 


4-124*1 

Clays 

25,806 

29,591 

3,786 


4-14*3 

Antimonial lead . 

15,617 

27,065 

11,448 


+ 73-3 

St/Oatite . . . 

12,800 

14,403 

1,603 


4-12-5 

Monazite . 

(c) 3,769 

12,463 

8,684 


4- 280*4 

Ruby, sapphire and 
spinel. 

Magnesite . 

13,181 

8,601 

4,580 

—34*7 

7,385 

7,918 

633 


4-7*5 

Zircjon 

(e) 1,030 

6,967 

5,937 

• • 

4-576*4 

Gypsum 

(>.860 

6,945 

85 


-hl*2 

Fuller’s earth * 

6,787 

6,159 


* 628 

-9-3 

Jadeite (c) . 

10,967 

5,678 


5,289 ■ 

—48*2 

Diamonds . 

9,211 

4,201 


5,010 

-54*4 

Ochres 

(e) 3,268 

3,082 


176 

—5*] 

Barytes 

2,651 

2,628 


2.3 

- 0*0 

Bauxite 

7 

1,148 

1,141 

Graphite 

359 

863 

504 


4 140*4 

Soap sand . 

652 

763 

111 


4 17*0 

Beryl 

124 

641 

517 


4-417*0 

Corundum . 

,, 

465 j 

465 


Felspar 

474 

372 

*102 

—*21-5 

Antimony-ore 

,, 

254 1 

* 254 

Garnet 

Amber 

169 

12 

244 ! 
158 

75 

146 


-M4*4 

Apatite 

Asbestos 

Bismuth 

« 67 

311 

115 

34.3 

16 

> 48 

32 
16 1 


4-7*1*6 
4-10*3 

TOTi^iL 

17,668,387 

19,520,036 

1,869,258 

I7,6C9^ 

4-10*5 









4-1,851,649 



(a) Estimated. (b) E3«cludoB antimoiiial lead. (c) Exrort values. 

(d) Exports/.O.6. values. (c) Keviged, 
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It is interesting to compare the changes in the figures of total 
value recorded in Table 1 with the variations in the average annual 
value of the leading metals and ores as summarised in Table 2. 
In 1931 all the metals and ores given in this ta]>lo showed a fall 
in price except gold, in the price of which there was a substantial 
rise. In 1932 there was a very large rise in the price of gold, and 
in addition a partial recovery in the price of spelter, tin and silver. 
In 1933 there were small falls in the price of lead and chromite; 
the prices of steel rails, ferro-manganese and manganese-ore were 
stationary; whilst the prices of other metals and ores rose, the 
largest rise being that of tin. In 1934 there was a spectacular 
rise in the price of wolfram, and further substantial rises in the 
prices of tin, gold and silver, with a small rise in the prices of man¬ 
ganese-ore and pig-iron ; on the other hand there were falls in 
the prices of copper, load, spelter, petrol and kerosene, whilst the 
prices of steel rails, ferro-manganese, and chromite were stationary. 
In 1936 prices were miwdi steadier, with a general upward tendency, 
except in the cases of tin, chromite and wolfram, which declined 
slightly, steel rails and ferro-manganese being stationary. 

The number of mineral concessions granted during the year 
under review amounted to 567 against 482 in the preceding j'oar. 
Of these 31 were quarry leases, 450 were prospecting licenses, and 
86 were mining leases. This small total compared with the figure 
(714 mineral concessions) for 1927 is an index of the decreased 
prespocting that accjornpanies period of depression. In the same 
way the increase in 1933 (406), 1934 and 1935 compared with 1932 
(327) should bo an index of the turn of the tide. 

The average number of porsons employed daily during 1935 
was 371,522 against 334,848 in the previous year, as recjordod in 
Table 3. It will bo seen that the most important mineral indus¬ 
tries in providing employment are, in order, coal, salt, mica, gold, 
tin- and tungston-ores, petroleum, iron-ore, and manganeso-ore. In 
addition, much additional employment is, of course, provided to 
the transport, snndting and refining industries. 

In Part 4 of Volume LXVI of these Records is a paper giving 
tables of production, imports, exports, and of <;onsuinption ol 
minerals and metals in India for 1913, 1917, 1920, and 1926 to 
1931. 

These data are given in considerable detail and similar data 
could not easily be obtained in full in time for incorporation in 



238 


Records of the (geological Survey of Jvuliu, [ VoL. 71, 


TabiIe 2. —Average Prices in the United Kingdom of Principal 
Metals, Ores and Oils during the years J934 and 1935. 


— 

19:14, 

1935 

M Halit- 




CopiHM*, Htaiulaid, per ion 

. £ 


Sl-SO 

Lead, pJ^^ Hoft, foreign, }«‘r ion 

. £ 

ii‘Or» 

14-28 

iSpelter, ordinar} , ])rr ion 

. £ 

U’ll 

14-17 

Tin, Htarniaid, jxr ion 

. £ 

L>ao-a7 

225-72 

Pig iron, CIe\eland No. .‘L fu-r ion 

. £ 

:L3i 

3-3i» 

{Stf'ol rada, pel Ion .... 

. £ 

8’37 

8-37 

Ferro-maiiirariese, per ton 

, £ 

]L2r) 

11-25 

(joid, fine, jHM ouui e .... 

. sh. 

137-646 

142-119 

hilver, Rtandard, per oiinei' . 

. d. 

21-228 i 

28-905 

0/t ft — 




(-hronnie, 48-0? per oenl., pi'i t(»n 

. £ 

•1-620 

4-575 

Manganese-ore, iiisi gradf'. per unit 

. d. 

10-5 i 

11-2 

Wolfram, ]K*r nnil .... 

. sh. 

37-167 

34-416 

(Hb — 




P(droi, p(‘r gallon .... 

. d. 

8-21 

S-66 

Kerosene, p(‘T gallon . , , . 

. d. 

7-22 

7-60 


Table 3. Average number of /Vr.s’o^Lv Employed daily iv the pnh 
and ion of mim raU from tnines in India for nhteh reliable ie~ 
tuins oj laboar stntisties art available. 







ll»34. 

J935. 

('luomiti' .... 





] ,825 , 

2,435 

Coal. 





169,354 

179,152 

(Joppei-ore , . . . 





2,787 

2,784 

Diamonds .... 





l,7im 

1,138 

Ofild ..... 





21,052 

22,441 

Iron-oie .... 





1 4,272 

10,833 

liOad ore .... 





3,496 

3,557 

M agues lie .... 





1,086 

1,059 

Manganesi-oie 





8,549 

16,242 

Miea. 





15,033 

23,108 

Monaziii', /iieon an<l dniende . 





2,116 

3,603 

Petroleum .... 





18,389 

18,281 

Ralt * . . , . 





(a) 60,584 

60,739 

Tin- and tniigstc‘n'Oie.s 





13,804 

20,034 



Total 


334,745 

371,469 


(</) KoviM'd. 

sucoerjHivti Hiimul r^niowB of luiiioral prodiH^tion williout <^ausiug 
uudiio delHN'. Il is j>osBil)l4L to l)riiig up to dato I'abU* V 

of Iliat ro\ioA\ show Iho (juaiLtilirs of ores, iiiotals and otlioi 
mineral products inailaMo for consumplauu iu India. These data 
for 1935 ai'o siiminurised in Table 4 of this present lie view. 
















Table 4.— Conswuptum, 1935. 
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(a) Known to be exported, but export figures are not available. 

(b) Known to be produced, but production figures are not available. 

(c) Complete figures for quantity are not available ; value Rs. 14,88,992. 

{d} Includes bronze and similar alloys. 

(c) Includes 15.156 tons produced in British India but exported from Mormugao in Portuguese India. 





Table 4. — Consumption, 1935 — contd. 
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Ores, minerals and 
metals available 
for oonsnmptlon. 
Columns 

4+5 — 6. 

7 

8,315 

1*401 

14,182 

3,067 

702 

7,644 

• • 

1,102 

45,318 

m845 

708,541 

217,086 

^408 

12,000 

Exports of 
domestic 
production. 

6 

1 1 iig g ilil„ 

: : : : • *5 ‘sf ^ 

Betained 

imports. 

6 

ko ^ d^eooo o Q 

9 s s s sss. s s 

• • • • • • 

^2 

Production. 

4 

6,900 

8,950 

1,401 

14,182 

702 

7,644 

325 

327,652 

557 

45,318 

127,051 

2,364,297 

1,451,862 

627,867 

(e) 

1,265 

460,886 

70,560 

16,984 

641,483 

58,754 

3,819 

4,850 

Unit. 

3 

Tons 

Tons 

Carats 

Tons 

Tons 

Tons 

Tons 

Tons 

Fine 

Ounces 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Cwts. 

Tons 

Tons 

Tons 

Tons 

Cwts. 

Tons 

Tons 

Kinds and grades. 

2 

Metal unwrought . 

Ore .... 
Pig ... . 

Steel .... 
Mannfactuiee of iron or 
steel other than those 
included under ‘ steel.* 

Ore .... 

Pig ... . 

Ores, minerals and 
met-als. 

1 

-_ _ 

. •• •I-'- 

-ilfl'sll ■ III ■ i’ll 'll 

lilllllll llll II lllll 
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II.—MINERALS OF GROUP 1. 

Antimony. 

Tlio ])roduct.ioii of ai)timoi)ial lead obtained as a byo>product 
in the lead refiner}^ the Naniiu smelter of the Burma Corporation 
J.imited, inereascul from 1,255 tons valued at Rs. 2,07,703 (£15,617) 
in 1934 to 1,500 ions valued at Ks. 3,59,961 (£27,065) in 1935. 
This prodiKjt <a)ntains 81-7 j)or eent. of load, 17*65 per cent, of 
antimony, 0*21 per ceiit. of co])pcr and 5*5 ozs. of silver to the ton, 
and IS exported for further treatment. 

An outpui of 34 tons of antimon)"“Ore, valued at Ks. 3,385 
(£254) was reported from the Amherst district, Burma. The last 
return was in 1930, wdien the output amounted to 3 tons valued at 
Rs. 60 (£4). 

Chromite. 

Ihere was an increase of over 67 per cent, in the ju'oduction of 
chromite in India from 21,576 tons in 1934 to 39,127 tons in 1935. 
This increase was from all fields. Tlie total exports froju India 
durinjj; tlie year were nearly 10,000 tons above, those of tlie ])i'evious 
year, and were about 2,000 tons in excess of the ])r()(luetion, 
amoiiutinji* to 11,210 tons, made up of 26,054 tons from Britisli India 
and 15,15t) tons from IViormugao in J’ortugin^sc- India, as compared 
with 27,3(H) tons and .‘1,950 tons respectiveK in the previous year. 
The value per ton was Hs. 12*3 as against lls. 14*37 for lioth B333 
and 1934. 


Table -Qnaviiiy ami value of Chromite produced iu Imlia during 
the yearns 193 d avd 1935 . 


— 

last. 

1035. 

Quantity. 

\a)iu- (i*l 

JN. J3-3). 

(^uaiitily. 

V.hi.) (tl-- 

- Hm. j.•(■;<). 


Toils 

iis. 

L 

T(»ih 

Ivfil. 

£ 

Bahtchiskvn— 







Zhob . 

2,346 

35,100 

2,646 

7,C4S 

1,10,860 

8,335 

Bihar und 







Orissa- 







SingbbhuiH . 

7,01(1 

02,237 

6,035 

11,307 

1,26,514 

0,512 

Mysore imitate — 







Habbun 

0,744 

1,30,408 

10,486 

14,220 

1,38,129 

10,386 

Mysore 

2,476 

43.141 

3,244 

5,868 

1,04,462 

7,8.54 

Total 


HJOpfjfS 


30,127 

4,79Mi 
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Coat. 


In 1931, 1932 and 1933 there was a continuous decrease 
ill production of coal from the peak figun^ of 23,803,048 tons in 1930. 
In 1934 the direction of change was reversed and production 
increased by 2,268,284 tons (or 11*4 per cent.) from 19,789.16.3 tons 
in 1933 to 22,057,447 tons in 1934. In 1935 the increase (continued 
but at a less rate, liy 959,248 tons (or 4'3 per ('.ent.), to 23,016,695 
tons. This increase was shared by all provinces except Jlaliudiistau, 
Hyderabad and Rajputana wliich showed slight decreases. The 
most important increases were in Bengal, the Central Provinces 
and Biliar and Orissa (see Table 6). In Bengal, Biliar and Orissa, 
the Jharia, Karanpura, Raniganj and Talchir fields sljowed incueases, 
tlie rest decreases, tin* largest advances being shown hy JJiaria 
iind Raniganj of nearly three-quarters of a million tons. In (Vntral 
India, Sohagpur showed an iucr(‘ase and Umaria a decreas(‘ in the 
(■entral l^roviuces, Kon^a and Peneh Valley showed iner(^as(‘s aixl 
Ballar])ur and llaigarh decTcases. In Hyderabad 8tat(‘, the Singareni 
and Tandur fields slio\Ned (hrreas(‘s and Sasti au iiicreas(‘. In tli(‘ 
T(*rtiary coalfields of Assam, Baluchistan, the Punjal) a.nd lOijputana, 
iiKueases were shovsn In all the Punjab fields and by Makuin in 
Assam, the otluTs showing decreases. 

As usual the output of the Tertiary fields was but a trivial })ro- 
jmrtnm of tJie wlioh', the proportions being 98*22 per eeiit. from thi‘ 
(Joiidwaua coalfields and 1*78 per cent., from the Tertiary <*oalfields. 

A feature of the last 11 yi^ars lias been the very large (‘xpaasion 
of th(^ output from the (Vntral Provinces from 679,081 tons m 1921 
to 2,U"<,677 tons in 1935. This undoubtedly aeeentuated th(‘ fall 
in output of Biliar and Orissa from 14,105,529 tons m J921 to 
11,257,984 tons in 1933, with a partial recovery t(» 12,630,409 tons 
in 1934, and 12,747,340 tons in 1935. 

Tlie variations in the statistical position of the coal industry 
since 1927 can be gauged to some extent by examining the stock 
position at the end of each year. Stocks increased continuously 
from 1929 to 1932. In the previous review it was rec(U‘ded that 
(luring 1933 the position showed no substantial change, but that 
the slight reduction of stocks might be symptomatic of a tendency 
towards a better adjustment of production to demand. Tins 
surmise has proved to be partially correct, for during 1934 stocks 
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were reduced by nearly 700,000 tons, increasing by 165,629 tons in 
1936, The data are given in the following table:— 


Voar. 

0|)ening 

Stock. 

Closing 

Stock. 

lioiluction 
during year. 

1927. 

Tons 

2,161,806 

Tons 

1,721,288 

Tons 

440,518 

1928 . 

1,721,288 

1,625,717 

95,571 

192!t. 

1,625,717 

844,240 

781,477 

1930 . 

844,240 

986,006 

(a)141,766 

1931 ••••«• 

986,006 

1,414,340 

(0)428,334 

1932 *••••• 

1,414,340 

1,664,969 

(0)260,629 

1933 

1,664,969 

1,646,248 

18,721 

1934. 

1,646,248 

949,625 

696,623 

1936 . 

949,625 

1,115,164 

(0)165,629 


{a) Incit^ase of stocks. 


The increased output of 4'3 per cent, in 1935 was accompanied 
by an increase of 3'3 per cent, in the total value of the coal produced 
in India, from Rs. 6,30,60,951 (£4,741,425) in 1934, to Rs. 6,62,20,840 
(£4,903,822) in 1936. 

There was a further decrease of 5 pies in the pit’s mouth value 
per ton of coal for India as a whole, namely from Rs. 2-13-9 to 
Rs. 2-13-4. With three exceptions a fall was recorded in every 
province. In the two great coal provinces, Bihar and Orissa and 
Bengal, the value fell by Re. 0-0-8 and Re. 0-1-4 respectively. In 
other provinces, the price fell in Central India by Re. 0-1-1 ; in the 
Punjab by Re. 0-1-11; in Rajputana by Re. 0-2-10, and in the 
Central Provinces by Re. 0-2-0. On the other hand, the price rose 
in Assam by Rs. 1-12-9, in Baluchistan by Rs, 1-10-9 and in Hydera¬ 
bad by Re. 0-2-9. 
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Table 6. —Provincial production of Coal during the years 1934 and 

1935. 


— 

1934. 

1936. 

Increase. 

Decrease. 

AsBam . * . . 

Tons. 

189,527 

Tons. 

220,737 

Tons. 

31,210 

Tons. 

BtiJachlsIan .... 

14,710 

9,668 


5,182 

Bengal .... 

6,169,486 

6,682,752 

623,266 

.. 

Bihar and Orissa . 

12,630,409 

12,747,340 

116,931 

.. 

Central India 

289,381 

329,369 

39,988 

. • 

Centra] Provinm^ . 

1,842,492 

2,118,677 

276.186 

.. 

Hyderabad .... 

769,636 

729,414 


10,222 

Punjab .... 

126,266 

144,423 

19,167 

. • 

Ilajpiitana .... 

36,610 

34,426 

•• 

2,086 

Total 

22,057»447 

23,016,695 

1,006,737 

47,489 


Table of Coal produced in India during the years 1934 

andr 1935. 



1934. 

1935. 


Value (£l«Iis. 13-8). 

Value 
per ton. 

Value (£1 J 

Ks, 13 3). 

Value 
per ton. 


Rs. 

£ 

Bs. A. P. 

Be. 

£ 

Its. A. P, 

Assam .... 

14,43.174 

108,.509 

7 9 10 

20,77,920 

156,235 

9 6 7 

Baluchistan 

8.5,849 

0,45.5 

6 13 2 

71,6.51 

5,887 

, 7 7 11 

Bengal .... 

1,04,29,424 

1,236,295 

2 10 8 

1,72,70,403 

1,298,982 

2 0 4 

Bthar and Orissa . 

3,42,00,225 

2,671,440 

2 114 

3,39,66,354 

2,563,861 

2 10 8 

Central India 

10,81,696 

77.504 

3 9 0, 

11,52,135 

86,027 

3 7 11 

Central Provinces . 

67,72,368 

509.199 

3 10 10 

7.5.22,526 

565,604 

3 8 10 

Ilyderabad (a) 

28,69,070 

178.127 

3 1 3 

2.3,71,781 

178,329 

3 4 0 

Punjab .... 

5,62,897 

42,285 

4 7 10 

6,30,794 

47,428 

4 5 11 

Kajputana 

1,66,8.58 

12,545 

t 9 1 

1,51,210 

11,800 

4 0 .5 

Total 

6 , 80 , 60.951 

4 , 741,495 


6 , 52 , 90,840 

4 , 908,822 


Aiterage 



2 13 9 



2 13 4 


(a) EftUmat^d. 
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Taw K 8 —Origin of Indian Coed raised during the. years 1934 and 

1933. 


— 

Avorago of 
last five 
yoarfl. 

1934. 

1936. 


Tons, 

Tons. 

Tons. 

Goruhvarja coaltields 

21,127,285 

21,691,404 

22,607,552 

ToHiai} coalliahis .... 

570,611 

366,043 


Total 

2i»503,896 

22,057,447 

23,016,695 


Tablk 9 .— Output of Goiidumio Coalfields during the. years 1934 and 

1935. 


— 

1934. 

1935. 

Tons. 

Por 

of Indiun 
total. 

T(>n>. 

Pur corit. 
of Indian 
total. 

hVf, (JO /, B 1 h(t r and (h i ssi / 






Bokaro 


1,399,261 

6'34 

1,331,272 

5-78 

(Uridih 


761,010 

3-45 

708,789 

3-08 

.lain^i .... 


42,717 

0 19 

34,037 

0-15 

.lhariu 


0,057,546 

41 06 

9,24.\292 

10-17 

Karanpura . 


397,147 

1 80 

424,536 

1-84 

Riumalia] Hills 


1,.5‘»9 

001 

1,230 

0-01 

Ham pur (Itaigarli-Tliugir) 


28,128 

013 

27,331 

012 



0,795,8.‘J8 

30-81 

7,348,323 

31 93 

'i’.iUhcr 


306,649 

1-39 

309,282 

1-31 

Cntf^al Iv'lia— 






Sohagpm 

• 

194,638 

0-88 

244,053 

106 

riiiriria 


94,743 

0 43 

85,316 

(V37 

(Unlrof Bnwinci's — 






Uall.irpur 


321,038 

1-46 

312,591 

1-36 

Kfium 


400,350 

1-82 

589,806 

2-56 

IVucb Vailtjy 


1,117,942 

5-07 

1,214,099 

5-27 

lx.iigarh Sk'Mo 

* 

3,162 

0-01 

2,181 

O-Ol 

//vd( rohttfl--' 






S:is1 i . 

4a» 

41.880 

0-19 

50,545 

0*22 

Hiutfaif*!!! 


027,989 

2-39 

513,259 

2-23 

Tandiir 


199,767 

1 0-91 

165,610 

0*72 

Totai- 

• 

21,691,404 

9ii-34 

22,607,552 

9822 
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Table 10. —Output of Tertiary Coalfields diirmg the ypars 1934 and 

1935. 



Tho (iovolopiBont of an iron and stool iTuhistry in India on 

modern lines has led to tho, erection of si^vond plants for tin* inanu- 
iactnre of hard coke of inetallur^io-al tpiulify and it has thon^fore 
become a matter of ^rein'ral i]it(*resi. to know tho ])n»portion of tlu‘, 

total annual output of coal in India that is utilisi'd in the manu* 

facturo of hard coke. Tin* figures for 1031 and 1935 an* shown 

in Table 11. The substantial increase in tho prodiudion of hard 
coke in 1935 is a concomitant of the greatly increased activity of 
the Indian iron and steel industry. 
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Table 11 .—Quantity of Hard Coke produced in India during the 

years 1934 and 1935. 


— 

1934. 

1936. 

Coal used . . * • • • • 

Tons, 

2,043.967 

Tons. 

2,353,441 

Hard coke manufactured. 

1,617,137 

1,766,821 

Percentage rceovert/ 

7f-23 

75^07 

Scnirces of coal uaed-^ 



Jharia field ..•••• 

1,934,048 

2,232,807 

Ciridih field 

26,297 

26,740 

Hauiganj field. 

80,924 

91,036 

I.akhirapur (Namdang) field 

2,698 

2,859 

Total 

2,043,967 

2,363,441 

Ccal need for coicing by — 



Throe iron and steel wmpanies * 

1,701,227 

1,912,036 

Others. 

342,740 

441,406 


In continuation of the trend of 1934, the export statistioa for 
coal during 1935 show a further decrease amounting to about 
112,000 tons {see Table 12). Ceylon retained her position as the 
leading importer of Indian coal, though she took 82,000 tons less 
than in 1934. The Straits Settlements showed a decrease of 18,000 
tons, and Hongkong of 10,000 tons. Tke export of coke decreased 
by 737 tons. 
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Table 12» —Exports to Foreign Countries of Indian Coal and Coke 
during the years 1934 and 1935, 



IflSi. 

1035. 


Quantity. 

Value 

(£1«R8. 1.8 3). 

Quantity. 

Value 

(£1=R8. 13’3). 


Tons. 

Rs. 

£ 

Tons. 

Rfl. 

£ 

To— 

Ceylon .... 


25,48,000 

101,664 

145,014 

13,65,042 

102,685 

Hongkong 

55,808 

3,85,858 

25,216 

45,830 

3,11,346 

23,409 

Straits Settlements 

34,022 

2,33,287 

17,687 

10,642 


7,649 

United Kingdom 

18 

05 

7 




other countries 

8,017 

78,851 

5,801 

7,402 

61,626 

4,634 

TOTAli 

827,700 

81,00,040 


216,878 

18,38,414 

138,227 

Coke .... 

2,448 

42,017 

8,150 

1,706 

23,024 

1,700 

Total of Coal and Coke . 

3ao»2a3 

82,38,067 

243,468 

217,584 

18,62,838 

140,026 


The following table gives the amounts of different grades of 
coal exported during 1934 and 1935 under the Indian Coal Grading 
Board’s scheme (including sea-borne coal for railways in Southern 
India, for which no grade shipment certificates were issued by the 
Coal Grading Board) and shows an increase of 77,026 tons in the 
present year, the difference between the total amounts so exported 
(1,885,262 tons in 1935) and the total exports of Indian coal to 
foreign ports given in Table 12 (215,878 tons in 1935) being the 
amount of coal exported to Indian ports. 


Table 13. — Exports of Coal under Grading Board Certificates during 
the years 1934 and 1935, 


— 

1934. 

1935. 

Selected grade 

Grade I 

Grade II ^ 

Mixed grade . 

• e • 

» • • 


Tons. 

1,666,377 

142,859 

Tons. 

1,783,023 

94,467 

3,302 

4,470 



Total 

1,808,236 

1,885,262 
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In reversal of the trend of previous years, imports of coal and 
coke showed increases during 1932 and 1933, namely from 47,644 
tons in 1932 to 67,330 in 1933, 21,121 tons of the latter consisted of 
coke. 1934 sliow^od a further slight increase to 72,161 tons, of 
which 14,719 tons were coke, and 1936 an increase to 77,075 tons, 
of which 12,791 tons wore coke {see Table 14). This latter rise 
is due mainly i :0 an increase of some 12,000 tons from “ other 
countries])artially offset by a decrease of 4,357 tons from Aus¬ 
tralia and a decrease of some 2,000 tons in the amount of coke 
imported. The total imports are now about a sixth of those of 
the pre-’war quinquennium and Table 16, <*.omparing pre-war imports 
and exports with the figures from 1926 to 1935, shows that the de¬ 
pression in the Indian coal industry, which reached its maximum 
'in 1933, cannot be ascribed to the competitive effect of foreign 
imported coal. The average surplus of exports during the years 
1926 to 1936 was, in fact, slightly greater than the surplus during 
the pro-ww quinquennium, but the inequality seems to be 

disappearing. 

The true cause of the depression in the Indian coal industry 
is over-development of the coalfields with reference to India’s re¬ 
quirements, Every new coalfield that is opened up at present 
merely serves to accentuate the dei^ression. 


Table 14. —Imports of Coal and Coir during the years 1934 and 

1935. 


— 

1 I 

1035. 

Quantity. 

[ 

1 Value 

I (£1-^118.13-3). 

Quantity. 

Value 

(£1-Kb. 18-3). 


Tons. 

Bs. 

£ 

Tons. 

Hs. 

£ 

From— 







Australia . 

0,981 

1,41,802 

10,624 

2,624 

45,008 

8,884 

United Kingdom 

n,4l5 

2,18,030 

16,461 

11,403 

2,30,024 

17,296 

Union of SoutJi Africa 

33,003 

4,75,867 

35,779 

32,115 

4,66,878 

36,108 

Other countries . 

6.043 

1,00,216 

7,535 

18,112 

2,62,306 

19,722 

Totm, 

57,442 

9,86,815 

70,399 

64,284 

10,04,211 

75,604 

Coke .... 

14,710 

8,44,026 

25,912 

1 12,791 

3,08,146 

22,798 

Totftl Of Ooftl and Ooke 

1 7s.iei 

12,80,941 

96,311 

77,076 

18,07,867 

98,297 
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Table 16. —Excess of exports over imports of Coal. 


— 

Exports. 

Imports. 

li^xcess of 
exports over 
imports. 


Tons. 

Tons. 

Tons. 

Average for 1909-13 

814,475 

406,162 

348,313 

1926 . 

617,663 

193,908 

423,666 

1927 . 

576,167 

243,603 

332,564 

1928 . 

626,343 

210,186 

416,167 

1929 . 

726,610 

218,560 

608,050 

1930 . 

461,188 

217,029 

244,159 

1931. 

441,249 

88,035 

353,214 

19.32. 

619,483 

47,544 

471,939 

1933 . 

426,176 

67,330 

368,846 

1934 . 

330,233 

72,161 

258,072 

1935. 

217,584 

77.075 

140,609 


The average number of persons employed m the coalfields 
during tlie year showed a greater increase (5-8 per cent.) than the 
increase in production (4-3 per cent.). The average output per 
person employed, therefore, showed a decrease from the high figure 
of 130*2 tons in 1934, which is practically the same as the figure 
for 1929, namely 130*4 tons, the liiglieat figure recorded, to 128*5 
tons in 1936. All the figures for the last seven years are higher 
than those previously recorded; these higher figures are duo partly 
to an increased use of mechanical coal-cutiers, and partly to con¬ 
centration of work. During recent years a large number of collieries 
have been shut down and the labour absorbed in the remainder; 
this concentration permits of a proportional reduction of the super¬ 
vising stafiF, resulting in a larger tonnage per head. There was 
an increase in the number of deaths b)' accident from 169 in 1934 
to 274 in 1136, which was chiefly due to the three major accidents 
at Loyabad and Bagdigi collieries in the Jharia c('alfi<dd and at 
Kurhurbaree colliery in the Giridih coalfield, in which 11, la and 
^2 lives^ respectively, were lost. These figures are the same as the 

0 2 
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annual average for the quinquennium 1919-1923, which was 274, 
and may be compared with the annual average for the quin¬ 
quennium 1924-1928, which was 218, and the annual average for 
1929-1933, which was 186. The death rate was 1*53 per thousand 
persons employed in 1935 against l-OO for the previous year; the 
average figure for the period 1919-1923 was 1’36, for the period 
1924-1928 was 1-10, and for the period 1929-1933 was 1-08. 


Table 16.— Average number of persons employed daily in the Indian 
Coalfields during the years 19S4 and 1935. 


— 

1934. 

1936. 

Output 
per 
person 
emploj^ed, 
in tons. 

Number 

of 

deaths 

i>y 

accident. 

Death 
rate per 
1,000 
persons 
employed. 

Assam .... 

1,696 

1,828 

120*7 

3 

1-64 

Balucliifitan 

274 

227 

42-1 



Bengal .... 

44,619 

49,913 

133-9 

48 

0-96 

Bihar and Orissa 

93,163 

94,873 

134-4 

385 

1-95 

Central India . 

2,378 

2,640 

120-7 

4 

1*57 

Central Provinces 

15,872 

17,133 

123-7 

22 

1-28 

Hyderabad 

9,471 

10,626 

68-6 

6 

0-56 

Punjab .... 

1,790 

1,861 

77-6 

C 

3-22 

Kajputana 

92 

151 

228-0 

•• 

*• 

Total 

169,354 

179,152 

•• 

274 

- 

Average 


•• 

m-5 

•• 

1-53 


Cobalt {see Nickel). 

Copper. 

The progress of work at the Mosaboni Mine of the Indian Copper 
Corporation, Ltd., in the Singhhhum district, and on the milling 
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and smelting plant at Maubhandar, near Gbatsila, Bengal Nagpur 
Eailway, bas been noticed in previous Reviews. Operations com¬ 
menced on a revenue basis on January 1st, 1929, and the progress 
of the industry until 1933 is summarised in the Quinquennial Re¬ 
view for 1929-1933. They show that in spite of falling prices the 
production of both mine and smelter has continued to expand. 
In addition, from 1933 onwards, there has been production of ore 
from Dhobani, where a lode parallel to that at Mosaboni is being 
opened up. During 1935 the mine output increased to 349,215 
long tons of copper-ore from Mosaboni and 1,586 long tons from 
Dhobani, making a total of 350,801 long tons, valued at Rs. 34,88,80$ 
(£262,316), against 328,676 long tons of copper-ore in 1934 valued 
at Rs. 34,19,869 (£257,133). A total of 334,589 short tons of ore 
was treated in the mill, and the production of refined coppelr 
amounted to 6,900 long tons against 6,300 tons in the previous 
year. A total of 6,734 tons of copper ingots was consumed in 
the rolling mill and 469 tons were sold in the Indian market at 
an average price of Rs. 630 per ton. Operations in the rolling 
mill resulted in the production of 9,843 long tons of yellow metal 
sheet and 878 long tons of yellow metal circles, the whole of which 
Was sold in India at average prices of Rs. 590 and Rs. 643 respect* 
ively per long ton. 

The total ore reserves at the close of the year 1935 amounted 
to 950,801 short tons with an average assay value of 3-19 per cent, 
of copper against 932,143 short tons with an average assay Value 
of 3*10 per cent, of copper at the end of 1934. The Indian Copper 
Corporation reached the dividend paying stage in 1933. 

There was a decrease in the production of copper matte at the 
Namtu smelting plant of the Burma Corporation, Limited, from 
11,000 tons valued at Rs. 21,99,879 (£165,404) in 1934, to 8,950 
tons valued at Rs. 26,56,205 (£199,715) in 1935 and averaging 
41-77 per cent, of copper, 26-50 per cent, of lead and 93-34 ozs. of 
silver to the ton. 

In 1932, 365 tons of copper-ore, valued at Rs. 6,900 (£519), were 
produced in the Nellore district, Madras. There was no recorded 
production in 1933, 1934 and 1935. 

Diamonds. 

The production of diamonds in Central India fell from 2,480 
carats valued at Rs. 1,22,601 (£9,211) in 1934, to 1,401 carats valued 
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at Rs. 66,877 (£4,201) in 1936. Of this latter production 1,306 
carats were produced in Panna State and the remainder in Char- 
khari and Ajaigarh States. 


Gold. 

In 1931 the gradual secular decline in the total Indian gold 
production was temporarily arrested with an output of 330,488*8 
ozs. valued at Rs. 2,08,01,943 (£1,540,885), followed by a trivial 
fall again in 1932, when the output was 329,681*7 ozs. valued at 
Rs. 2,53,61,438 (£1,906,123). In 1933 there was an increase to 
336,108*3 ozs. valued at Rs. 2,76,40,071 (£2,078,201). In 1934 the 
^ output fell to 322,142*9 ozs., but the value increased to Rs. 2,92,71,130 
(£2,200,836), bemg the highest in terms of sterling since 1920. It 
is interesting to note that the output of 1921, which was valued 
at £2,060,576 a figure very close to that of the 1933 production, 
was 432,722*6 ozs. In 1935 the output rose again to 327,652*5 ozs. 
valued at Rs. 3,04,01,775 (£2,285,848). 

There was again a small production from Manbhuru but not 
from 8inglil)hum, and trivial outputs from the Punjab and the 
United Provinces. The Burma output increased from 889*9 ozs. in 
1934 to 1,482*5 ozs. in 1935, including 1,222 ozs. from the opera¬ 
tions of the Burma Corporation in the Northern 8han States. 
But these figures, are, of coiO'se, quite insignificant compared with 
the output of Kolar, which makes up 99*5 per cent, of the Indian 
total. The considerable increase in the value of the production m 
1932 was due to that being the first full year since Britain and 
India abandoned the gold standard in September, 1931, with 
consequent appreciation in the, price of gold against sterling or 
rupees. As a result of this appreciation, 9,766,122 ozs. of gold 
reckoned in terms of fine gold were exported during 1932. The value 
was Rs. 75,87,62,203 (£57,049,038). In 1933 the exports were 
6,248,095 ozs. valued at Rs. 51,26,48,810 (£38,637,605), in 1934 
they were 6,685,900 ozs. valued at Rs. 60,60,74,489 (£45,494,323), and 
in 1935, 4,732,186 ozs. valued at Ks. 44,22,27,875 (£33,260,216). 

Of the lour mines that were producing gold in the Kolar Gold 
Field, the Champion Reef and the Ooregum Mines, the two deepest 
on the field, reached vertical depths of 7,811 feet and 7,661 feet 
respectively below field datum (2,967*21 feet above Madras sea- 
level) on the 31st De('-ember, 1934. The development in depth 
has disclosed the continuity of the reef, and a number of shoots of 
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payable ore have been opened up* At these depths the dip of the 
reef is almost vertical* The ore is not refrac^tory and yields its gold 
to blanket concentration and cyaniding; ‘ all-sliming ’ practice is 
becoming general. The concentrates arc pan- or plate-amal¬ 
gamated. The rock temperature at the deepest working place is 
over 130*^F. Owing to the great depths of these mines and the 
consequent high temperatures, the maintenance of adequate venti¬ 
lation at the working places is an extremely complex problem, 
and it has been partly solved by sinking deep smooth-lined vertical 
shafts, circular or elliptical, and by an extensive use of large elec¬ 
trically-driven fans in the course of the main air currents. The 
subsidiary shafts and winzes in the lower levels ar(i t)rick- or con¬ 
crete-lined and as such assist the free movement of air by reducing 
friction to a minimum. Though rockbursls cannot be eliminated 
altogether in deep mining, the more rigid forms of support, such as 
packs of masonry and concrete and sand or wast(^ rock filling, 
which are generally used in these mines, liave resulted in the reduc¬ 
tion of the number of heavier roekbursts which were causing 
considerables damage to person and property in the past. 

The average number of persons employe^tl on the Kolar Oold 
Field during 1935 w^as 22,271, of whojn 14,120 w^orked under¬ 
ground* 


Taulk VIQuantity and value of Gold^ produced in ledia during 
the years I93i and 1935, 
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Ilmenite. 

There was a large increase in the production of ilmenite in 
Travancore State from 76,644 tons valued at £39,245^ in 1934 to 
127,061 tons valued at £58,789 in 1935, this being the highest out¬ 
put yet recorded. Since 1927 India has been the world’s largest 
producer of ilmenite. This mineral occurs in the monazite sands 
and, up to a few years ago, was looked upon as a by-product of 
the monazite industry. The monazite sands have been worked 
continuously since 1911, but it was not until 1922 that the export 
of ilmenite commenced, since when the production of the mineral 
has expanded almost continuously, so that in both quantity and 
value the production of ilmenite is now much more important 
than that of the associated minerals monazite and zircon. This 
steady increase in the output of ilmenite is due to the demand for 
its content of titanium dioxide in the manufacture of titanium 
paints. 


Iron. 

For some years up to and including 1929 the production of 
iron-ore in India had been steadily increasing; India is now, in 
fact, the second largest producer in the British Empire, and yields 
place only to the United Kingdom. Her output is of course still 
completely dwarfed by the production in the United States (17J 
million tons in 1933 and nearly 26 million tons in 1934) and France 
(30 and 32 million tons in 1933 and 1934 respectively); but her 
reserves of ore are not much less than three-quarters of the esti¬ 
mated total in the United States and there is every hope that 
India will eventually take a much more important place among 
the world’s producers of iron-ore. From 2,430,136 tons in 1929 
the output of iron-ore in India fell to 1,228,625 tons in 1933. In 
1934, however, there was a turn of the tide and the production 
recovered sharply to 1,916,918 tons, and in 1935 rose still further 
to 2,364,297 tons. As will be seen later, there were also substantial 
increases in the output of pig-iron and steel. The figures shown 
against the Kconjhar and Mayiirbhanj States in Table 18 represent 
the production by Bird & Co., and the Tata Iron and Steel Co., 
Ltd., respectively. Of the total production of 1,165,965 tons shown 
against Singhbhum, 626,022 tons were produced by the Tata Iron 


1 Reyjsed value. 
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and Steel Co., Ltd., from their Noamnndi mine, 422,801 tons by the 
Indian Iron and Steel Co., Ltd., from their mines at Gua, 205,865 
tons by the Bengal Iron Co., from their mines at Pansira, Ajita and 
Maclellan, and 1,287 tons by others. The output of iron-ore in 
Burma is by the Burma Corporation, Limited, and is used as a 
flux in lead smelting. 


Table 18.— QuardUy and value of Iron-ore produced in India during 
the years 1934 and 1935. 



1034. 

1935. 


Quantity. 

Value (£1 = 

ais. 13-3). 

Quantity. 

Value (£1-Jis. 13 3). 


Tons 

Ks. 

£ 

Tons 

Be. 

£1 

Lihar and Orissa^ 







Keonjhar State . 

397,401 

3,07,461 

1 

20,884 

283,480 

2,83,488 

1 21,315 

MayurbhaoJ State 

045,108 


76,076 

876,930 

12,85,740 

96,672 

1 

Singhbhiun 

810,647 

18,32,881 

100,170 

^ 1,155,965 

18,00,413 

136,046 

Burma — 







Northeru Shan States. 

23,030 

(a)95,720 

7,197 

23,085 

(a)92,340 

6,943 

Cmtral Prov^inceB . 

808 

' 2,694 

203 

800 

2,400 

180 

Myfore State, 

38,074 

1,45,026 

10,004 

24,019 

76,946 

6,786 

Total 

1,916.918 

29,71,79V 

223,443 

2,364,297 

33,60,327 

266,942 


(a) Estimated. 


As with the preceding year there was a rise iii the total output 
of iron and steel by the Tata Iron and Steel Co. at Jamshedpur. 
The production of pig-iron rose from 882,054 tons m 1934 to 897,976 
tons in 1935, with increases in the production of steel (including 
steel rails) from 696,981 tons in 1931 to 627,867 tons in 1935. There 
was an increase in the production of ferro-manganese from 5,536 
tons in 1934 to 14,182 tons in 1935. There was a revived pro¬ 
duction of pig-iron by the Bengal Iron Co. of 125,850 tons; their 
output of products made from pig-iron in 1935 amounted to 27,791 
tons of sleepers and chairs, and 17,816 tons of pipes and other 
castings, against 22,746 tons and 21,308 tons, respectively, in 1934. 
The Indian Iron and Steel Co. decreased their production of pig- 
iron from 420,271 tons in 1934 to 408,884 tons in 1936. The out¬ 
put of pig-iron by the Mysore Iron Works rose slightly from 17,886 
tons in 1934 to 19,152 tons in 1935. The total production of 
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pig-iron in India rose from 1,320,210 tons in 1934 to 1,461,862 
tons in 1936, and is shown in Table 19. 

Table 19.— Prodmtiou of Pig-iron in India during the yeoo'e 1934 

and 1935. 


1934. X03S. 


Tonw Tons 

The Tata Iron and iStt'cJ ('Oitjpany, Limited . . 882,054 897,978 

The Indian Iron and Steel Company, Limited . . 420,271 408,884 


The iien^al Iron Company, Limited ... .. 125,850 

The Mysore iron Workn,. 17,885 19,152 

Total . 1,320,210 1,461,862 


Tlie total iiuinber of indigenous furnaces that were at work in 
the Central Provinces during the year 1935 for the purpose of smelt¬ 
ing iron*ore was 127 against 120 in the previous year; 46 furnaces 
wore operating in the Bilaspur district, 52 in Mandla, 22 in Raipur, 
2 in Chanda, 5 in Drug and none in Jubbulporc and Saugor. 

The increase in the production of pig-iron in India recorded 
above was accompanied by a moderate rise in the quantity exported 
from 398,054 tons in 1934 to 472,636 tons in 1935. Table 20 shows 
that Japan is the principal consumer of Indian pig-iron ; the pro¬ 
portion taken rose from 53-3 per cent, in 1934 to 70-fe per cent, 
in 1935, whilst th(! actual amount rose, by 57-5 per cent. There 
were large decreases in exports to the t'nited Kingdom, China and 
Cermany, jjaiily eoimte.rbalauced by imToases to tlic United Btates 
au<l Hongkong. Tlie «'xport value per (ou of pig-iron ros(! from 
Bs. 22-2 (j;i-69) in 1934 to Us. 23 (i:i-72) in 1935. 

Tlie Steel Industry (Prott'ction) Act, 1924 (Act No. XiV of 
1924) aiitlioriscd, to companies employing Indians, liounties upon 
rails and fishplates wholly iminufactured in British India from 
material wholly or mainly produced from Indian iron-ore and 
complying with specifications approved by the Railway Board, and 
upon iron ox steel railway wagons, a substaixtial portion of the com¬ 
ponent parts of which had been manufactured in British India. 
This Act was repealed by the Act No. Ill of 1927 and the paymmit 
of bounties consequently ceased on the 31st March, 1927 ; the 
industry is, however, protected to a certain extent by the varyii^ 
tarifi's ou difl'ercul classes of imported steel. As u result of a new 
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Act, No. XXXI of 1934, provision has been made for an increase of 
tariffs by about half over the 1927 rates, or about Rs. 10 per ton 
ad valorem in most cases, or about Rs. 40 per ton in the case of 
articles not of British manufacture. 


Table 20. —Exports of Pig4ron from India during the years 1934 

and 1935, 



1984. 

1035. 

Quaiiflty. 

Value (£j-:Ils. 33 3). 

Quantity. 

Value (€1 ■ 

-Ks. 13 3). 



Ks. 

£ 

Tons 

Ks. 

£ 

To— 







China 


4,40,199 

33,098 

11,366 

2,04,773 

19,908 

(Jermany . 

5,982 

1,44,580 

10,871 

307 

7,658 

576 

Japan 

212,285 

46,88,284 

352,502 

334,267 

76,61,135 

576,025 

HouKkong. 

1,711 

47,088 

3,540 

2,401 

65,641 

4,035 

Unifcod Kingdom 

100,867 

23,16,337 

174,261 

69,120 

15,57,326 

117,092 

XTnit-ed Htntos of Amcrh'H , 

32,187 

7,44,767 

55,097 

41,473 

9,57,436 

71,988 

Other countries 

19,051 

4,69,147 

35,207 

38,612 

8,39,908 

25,557 

Tot A I. 

898,054 

SS.r,0,702 

606,406 

472.636 

1 / ,54,S7 i 

S 16,0 HI 


Jadeite. 

There was a (hrrease in the output of jadeite, which fell from 
2,093*H cwt-s. valued at Rs. 1,00,200 (£12,501) in 1934 to 1,205 
(*-wts., witli a rise in value t-o Rs. 1,93,149 (£14,522), ho\vcv(‘r, hi 
1935. The output fij^ures are liable to be iiujoinplete, ajid a more 
correct idea of the extent of the Burmese jadeite industry, especially 
of values, is sometimes obtainable from the export figures. Ex¬ 
ports by sea fell from 2,197 cwts. valued at Rs. 1,45,858 (£10,907) 
in 1934 to 1,154 cwts., valued at Rs. 75,512 (£5,678) in 1935. These 
shipments w^re entirely from Burma. Exports from Burma by 
land during the year amounted to 181 cwts. only. 

Lead. 

The production of lead-ore at the Burma Corporation’s Bawd win 
tnines in Bui’ina rose slightly from 413,489 tons in 1934 to 460,886 
tons in 1935, whilst the total amount of metal extracted rose slightly 









260 


Records of the Geological Survey of India. [ VoL, 71, 

from 71,815 tons (including 1,255 tons of antimonial lead) valued 
at Rs. 1,06,86,230 (£803,476) in 1934 to 72,060 tons (including 1,500 
tons of antimonial lead) valued at Rs. 1,37,98,466 (£1,037,479) 
in 1935. The quantity of silver extracted from the Bawdwin ores 
rose slightly from 5,792,019 ozs. valued at Rs. 74,44,482 (£659,736) 
in 1934 to*^ 6,825,913 ozs.^ valued at Rs. 1,01,94,766 (£766,524) in 
1935. The value of the lead per ton rose from Rs. 148-8 (£11-19) 
to Rs. 191*5 (£14-39) whilst the value of the silver per ounce rose 
from Rs. 1-4-7 (23-19d.) to Rs. 1-12-0 (31-6d.) in the year under 
review. The ore reserves in the Bawdwin mine as calculated on 
the 1st of July, 1935, totalled 3,965,199 tons, against 4,062,611 
tons at the end of June, 1934, with an average composition of 
24-2 per cent, of lead, 15-1 per cent, of zinc, 0-87 per cent, of coi)por, 
and 18-7 ozs. of silver per ton of lead. Included in this reserve are 
approximately 250,000 tons of copper-ore. 

Magnesite. 

The output of magnesite showed an increase of 2,009 tons, 
with an increase in value of Rs. 7,092 (£533). The increase was 
equally divided between Mysore State and the Salem district, 
Madras. 

Table Quantity a^td value of Magnesite produced in India 
during the years J934 and 1935. 




1934. 



1935. 



Quantity. 

Value (£1= 

Rs. 13-3). 

Quantity. 

! Value (£1= 

=:Kh. ]3'3). 

Madras — 

Tons 

Rs. [ 

£ 

Tons 

Rs. 

£ 

Salem . 

11,859 

i 71,208 1 

5,354 

12,840 

75,905 

5,707 

Mysore State . 

3,116 

j 27,010 1 

2,031 

4,144 

29,405 

2,211 

Total . 

14,975 

98,21S j 

7,385 

16,934 

1 

1,05,310 

i 

7,918 


Manganese. 

The catastrophic fall in the production of manganese-ore in 
India from the peak figures of 1927, namely 1,129,353 tons valued 
at £2,703,068 /.o.6. Indian ports to 212,604 tons with a value of 
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£140,022 in 1932 has been recorded in previous Reviews. In 1933 
the output rose slightly to 218,307 tons but the value fell to £123,171. 
These are the smallest quantities and values reported since 1901, 
when the output was 120,891 tons valued at £122,831. In 1905 
the output was 247,427 tons valued at £223,432, since when the 
smallest production was 460,416 tons in 1915 valued at £929,546 ; 
whilst the smallest value was in 1909 when a production of 644,660 
tons was valued at £603,908. In 1934 there was, however, a 
partial recovery to 406,306 tons valued at £388,240, further in¬ 
creased in 1936 to 641,483 tons valued at £950,630. The full 
magnitude of this catastrophe to the Indian manganese industry 
is perhaps best realised from the fact that whilst the quantity of 
the production in 1933 was a little over one-fifth of that of the 
peak year of 1927, the value was less than one-twenty-sccond part 
of the value of the 1927 production. In fact in none of the major 
Indian mineral industries have the effects of the slump been so 
seriously felt as in the manganese industry; it is gratifying, there¬ 
fore, that some measure of recovery can now be recorded, though 
the industry is still a long way from a full restoration of prosperity. 

The substantial recovery in 1935 is due mainly to increases in 
the Balaghat (105,484 tons), Nagpur (68,775 tons) and Bhandara 
(24,895 tons) districts of the Central Provinces, and to Sandur State 
(32,080 tons) and the resumption of work in Panch Mahals. The 
most pleasing feature of this improvement is the recovery of the 
Central Provinces production from the trivial figure to which it 
had fallen in 1933 (28,789 tons) to 386,179 tons in 1935. During 
1932 and 1933 the majority of mines in the Central Provinces had 
been closed, including several mines that had never been closed 
since the commencement of work in 1900 and 1901 ; there had been 
a total cessation of production in the Nagpur district and almost 
total cessation in Bhandara. The amount of ground still to be 
recovered can be judged from the fact that the production of the 
Central Provinces averaged 660,559 tons annually during the quinquen¬ 
nium 1924 to 1928. 

The fall in the Indian output of manganoso-ore of recent years 
can be correlated with the fall in the price of first-grade ore, cA.f. 
United Kingdom ports, from an average of 22*9d. per unit in 1924 
to 14*9d. per unit in 1929, and then to 9‘5d. per unit in 1932 and 
1933, whilst the partial recovery in output in 1934 accompanied a 
rise in the average price to 10*6(Z. i)er unit, and to ll*2ry. in 1935, 
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Thia (loiitinuod fall in the price of mauganese-ore from 1924 
to 1932 is to be correlated with the fact that from 1924 to 1927 
the rate of increase of the world’s production of manganese-ore 
was much greater than the rate of increase in the w^orld’s production 
of pig-iron and steel. And although there was a fall in the world’s 
output of manganese-ore in 1928, there was a very large increase 
in 1929, greater than was justified by the increased production of 
iron and steel in that year, and it is evident that the world’s avail¬ 
able supplies of manganese-ore are now much in excess of normal 
requirements. Russia is able to place large quantities of ore on 

the market at a price with which many Indian producers cannot 
compete without, a return to pre-war railway freights. The Indian 
trade has accordingly suffered disastrously. The Gold Coast has 
also become a serious competitor of recent years. The large 
deposits of high-grade manganese-ore discovered near Postmasburg 
in South Africa are also being d6veloi)ed, and it may be anticipated 
that eventually South Africa will secure a substantial portion of 
the world’s market. Production from this field was suspended 

during 1932, but was resumed in May, 1933, the South African 
production being 20,894 tons in 1933 and 64.448 tons in 1934. 

With this increasing competition and falling prices it is not sm’- 

prising, therefore, that in spite of the apparent prosperity of the 
Indian manganese industry in 1929 and 1930, as judged from figures 
of production and export, yet by 1930 the industry as a whole had . 
arrived at a stage of relative depression, causing many operators to 
cease work. Added to increased available supplies there was in 1931 
and 1932 the disastrous decline in the activities of the iron and 
steel industry of the world, illustrated by a decline from the peak 
figure of 122 million tons of steel in 1929 to about 68 million tons in 
1931 and only 60 million tons in 1932. In 1933 there was partial 
revival and the output of steel was some 67 million tons rising to 
about 80 million tons in 1934 and 98 million tons in 1936. This partial 
recovery in the steel industry resulted in the hardening in the price 
of manganese-ore in 1934 and 1935 recorded in the preceding paragraph. 

The present chief sources of production of manganese-ore are 
India, Russia, the Gold Coast, South Africa, Cuba and Brazil, 
whilst substantia] supplies of ore are forthcoming from Japan and 
Czechoslovakia. 

There is a steady consumption of manganese-ore at the works 
ol the three principal Indian iron an,d st^el con^panies, not only 
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for use in the steel furnuces of the Tata Iron and Steel Company, 
and for the manufaetnre of ferro>manganese, hut also for addition 
to the blast furnaoe charge in the mannfactuie of pig-iron. The 
consumption of manganose-ore by the Indian iron and steel industry 
in the year under review amounted to 67,442 ions, against 43,294: 
tons in 1934. 


Table 22,— Quantity and ralv^^ of ManyanvHe-ore ]yroduml in India 
during the yearn 1934 and 1936 



19:54. 

19:5 

5. 

■- 

Quantity. 

Value f.o.b. 
at Indian 
port^. 

Quantity. 

A^nJue f.o.b. 
at Indian 
) orts. 

Bihar and Orissa — 

Tons. 

£ 

T(»uh. 

£ 

Bonai State 

:5,032 

2.255 

4,4:58 

4,882 

Kconjhar State . 

54,208 

:58,25() 

53,891 

69,280 

Singhbhuin 

15,112 

18,890 

1(;,607 

27,153 






Paneh Mahai.s . 



4,866 

7,927 

Cvnirat Prorivns — 





Balaghat .... 

] 31,248 

175.544 

2:56,7:52 

403,431 

Bhaudara 

51,940 

(50,482 

76,844 

1.30,955 

Nagpur .... 

2,828 

:5,78.3 

71,60:5 i 

122.918 

Af adra 8- -* 





BeJIary .... 

i 


250 

275 

Saiidur State 

127.350 

07,(158 

I59,4;i6 

175,:i79 

Vi7.aj;apataiu 

20,145 

12,129 

15,885 

17,47:5 

Mysore — 





Chitaldnig 

81 

46 

:577 

414 

Shimo.a:a .... 
Tumkur .... 

,‘547 

197 

444 

488 



50 

56 

Totat> 

406,306 

388/240 

641,483 

V60S3e 


The partial recovery of the Indian manganese infUisi-ry during 
1934 and 1935 was reflected in an increase of exports, including the 
quantities exported from Mormugao in Porliiguese India, from the 
nadir of 375,904 tons in 1933 to 864,698 tons in 1935. The opening 
of the new port at Vizagapatam has boon the 1 brightest feature in 
the Indian manganese industry during the last three years on 
account of the reduced lead from the Central Proviiuos to the sea. 
Table 24 shows the distribution of manganese ore exported from 
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British Indian ports (exolnding Moimngao) during 1934 and 1936, 
from which it will he seen that the I'nitcd Kingdom with an in¬ 
crease of some 21,CC0 tons retained her position as the chief importer 
of Indian manganese-ore. The second place as importer was held 
by Japan with on increase of some 91,000 tons, with France third 
w'ith an increase of some 44,000 tons; Belgium showed an increase 
of 53,600 tons. In 1932 the exports to the United States of Anierica, 
one of India’s principal markets for manganese-ore, had ceased com¬ 
pletely. In 1933 there was a trivial export to this destination but 
in 1935 the exports to the United States recovered to 77,760 tons. 


Table 23. — Exports of Manganese-ore during 1934 and 1935 according 

to ports of shipment. 


— 

1934. 

1935. 


Tons. 

Tons. 

Bombay. 

57,089 

6i,100 

Calcutta ........ 

185,827 

225,r04 

Vizagapatam ........ 

149,380 

412,683 

Mormugao (Portuguese India) ..... 

115,582 

162,411 

Total 

507,878 

864,698 


Table 24. — Export of Manganese-ore from British Indian ports 
during the years 1934 and 1935. 



1984. 

1035. 


Quantity. 

Value (£1 -=Rb. 18-8). 

Quantity. 

Value (£1=-Il8.18-8). 

To— 

Tons. 

£s. 

£ 

Tons. 

Rs. 

£ 

United Kingdom 



257,862 

182,816 

86,08,822 

270,926 

Belgium .... 

19,897 

4,84,189 

82.646 

72,897 

11,72,654 

88,162 

France 

87,622 

14,50,771 

109,080 

181,977 

22,08,174 

165,652 

Japan . 

85,102 


91,070 

176,878 

28,80,857 

216,606 

United States of America - 


6,46,920 

41,047 

77,760 

14,82,422 

107.701 

Other countries 


1,67,969 

11,877 

60,464 

11,90,804 

85,700 

Total 

892,896 

72,23,112 

513,091 

702, 

1,24,32,133 

934,747 
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Mica. 

There was a slight rise in the declared production of mica from 
56,700 cwts. valued at Rs. 20,76,599 (£150,135) in 1934 to 58,764 
cwts. valued at Rs. 26,62,612 (£191,926) in 1935. As has been 
frequently pointed out the output figures are incomplete, and a 
more accurate idea of the size of the industry is to bo obtained 
from the export figures. In the years 1926 and 1927 the export 
figure was approximately double the reported production figure, 
whilst in the years 1928 and 1929 the quantity exported was more 
than double the reported production. In 1930 the recorded exports 
were, however, only some 57 per cent, in excess of the reported 
prodiujtion, in 1931 36 per cent., in 1932 43 per cent., and in 1933 
some 45 per cent, in excess. It was thought th.at tliis might moan, 
that the Act referred to in the third paragraph was beginning to 
produce a definite effect: but as the excess of recorded oxi)orts 
over reported production has risen to 66 per cent, in 1934, and 
141 per cent, in 1935, another possible interpretation is that measures 
are being foimd of circumventing the Act. 

The United States of America and the Unit* 1 Kingdom, wliicli 
are the principal importers of Indian mica, absoihod respoctivoly 
42*6 per cent, and 31*9 per cent, during 1934 and 49*6 per cent, 
and 26*4 per cent, during 1935. Germany took 10*8 per cent, and 
9*0 per cent, respectively, of the total quantities exported during 
the years 1934 and 1935. The average value of the exported nu(;a 
decreased from Rs. 64*7 (£4*9) per cwt. in 1931 to Ihs. 56-7 (£1-3) 
in 1935. The exports rose from 92,918 cwts. valued at Rs. 60,30,525 
(£453,423) in 1934 to 141,814 cwts., valued at Rs. 80,34,681 (£601,111) 
in 1935. The value recorded for 1932 was the lowest total vrdue 
recorded since 1915-16 and it is pleasant that the tide, tho turn of 
which was recorded in tho 1933 Review, appears to bo running so 
strongly. 

The difference between exports and production is generally 
attributed to theft from the mines. If this be the only explana¬ 
tion we must assume that during the three years prior to 1930, and 
again in 1935, there had been as much mica stolen as won by honest 
means. Early in 1928 a bill was introduced into the Legislative 
Council of Bihar and Orissa, the purpose of which was an attempt 
to reduce the losses on this account by licensing miners and dealers; 
the bill was rejected. In March, 1930, however, a similar bill to 
regulate the possession and transport of, and trading in, mica was 
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pHBBocl. Tt was not, however, i)«t into force until 1934, From the 
figures presented since 1930, as analysed above, it appears that 
this bill may have produced a good effect for the first few years, 
but that the effect has already disappeared. 


T;v»i,k 26.— Q^uintity and valve of Mica •produced in India during 
the ycare 1934 and 1935. 



1034. 

1985. 


Quantity. 

Value (£1--IU. 13*8). 

Quantity. 

Value (£1«I18.18*3). 

'‘itihar and Ontsa — 

Gaya , . . . 

Cwts. 

12,670 

Ks. 

2,88,996 

£ 

21,729 

Cwts. 

10,524 

Es. 

4,66,696 

£ 

84,263 

Ha^arlbngh 

83,800 

13,97,270 

105,058 

87,670 

16,70,516 

125,608 

Manbhum 




29 

872 

66 

Monghyr .... 



.. 

442 

11,648 

876 

Madras — 

Noilore .... 

9,114 

8,67,642 

27,648 

0,452 

8,87,878 

29426 

Kilgiris .... 

7D 

8,429 

684 

48 

7,186 

580 

Travancoro State 



.. 

41 

3,600 

203 

liO’jpHtanu — 

Ajiucr-Mcrwara 

3H7 

5,186 

886 

884^ 

6,197 

466 

Jalptir State 

151 

9,126 

685 

160 

9,670 

727 

Total 

5^,706 

20,76,599 

I56,m 

68,784 

26,52,612 

191,926 


Table 26 .—Quantity and value, of Mica exported from India during 
the years 1934 and 1935. 



1934. 

1086. 


Quantity. 

Value (£1-»R8. 18-8). 

Quantity# 

Value (£l*»Es. 18-8). 

To- 

United Kingdom 

Cwts. 

29,600 

Es. 

31,06,626 

£ 

233,581 . 

Cwts. 

87,619 

Es. 

88,52,105 

£ 

280,682 

Gcrinany .... 

10,013 

5,65,451 

42,615 

12,818 

6,18,880 

40,520 

France .... 

1,763 

1,47,282 

11,074 

8,642 

8,70,258 

27,888 

United States of America . 

89,517 


98,218 

69,897 

19,94,942 

149,995 

Other countries 

12,019 

9,04,870 

68,085 

18,448 

11,06,542 

90,117 

Total 

62,918 

60,30,525 

453^23 

141,814 

BO,341681 

604,111 
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Monaaite. 

In its early years in India the inonazite iudustrj^ was of some 
importance and the output during the quinquennium 1914-1918 
averaged annually 1,528 tons valued at £45,334. This prosperity 
continued only to 1921 and by 1925 the industry was moribund 
with a production of 1 cwt. only. There has since been a partial 
revival and the output for the period 1929-1933 averaged annually 
215 tons valued at £2,114. In 1934 the output vas 1,009 tons 
valued at £3,76<J which rose to 3,819 tons valued at £12,453 in 1935. 
The decline of the industry from the high figures of 1914 to 1921 is 
of course due to the supplanting of incandos<}ent mantles for gas 
lighting by ole<;tricity. The partial re^dval of the monazite industry 
is presumably duo to the greatly increased output of ilmenite, 
the produ<;tion of monazite as a bye-product rendering cheaper 
production possible. 


Nickel. 

Ah a bye-product in the smelting operations of the liurnui 

Corporation, Limited, at Naintu, in the Northern Shan StaL^s, there 
is now a regular produotion of nickol-speiss, whicli, during the quin¬ 
quennium 1929-1933 averaged annually 3.211 tons valued at 
Ks. 8,19,023 (£61,197). In J933 the output was 3,350 tons, valued 
at Rs. 10,28,523 (177,333), wdiich rose iu 1934 to 3,951 tons valued 

at Rs. 11,44,337 (£80,401). In 1935 the output w^as 4,850 tons, 

valued at Rs. 14,00,074 (£105,209), the composition being 30*20 

per cent, of nickel, 10*10 per cent, of copper, 4*59 per cent, of 
cobalt, and 24*()G ozs. of silver to the ton. The spoiss is shipped 
to Hamburg for further treatment. 

Petroleum. 

The world’s production of petroleum in 1920 ainountou to nearly 
150 million long tons, of which India <ioniributed 0*72 per cent, 
in 1927, this figure jumped to some 172 million long tons, of which 
the Indian proportion, on a pratJticaily stationary produ<?tion, fell 
to 0*64 per cent. In 1928, there w^as another substantial rise in the 
world’s pr^oductioii, which reached the figure of over 181 niillio]! 
tons. In 1929, there was another jump to over 202 million tons, 
but in 1930 the world’s production fell to about 193| million tons, 
in 1931 to about 187 milUon tons, and in 1932 to about 183 million 

D 2 
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tons, wliilst in 1933 the production rose again to about 202 million 
tons, in 1934 to about 215 million tons, and in 1935 to 233 million 
fona.i Decreases were shown by Poland, Sarawak, Egypt, Ron* 
mania and France. All other important producers showed an 
increase in production, by far the largest being duo to Iraq, as 
a result of the opening of the pipe line to the Mediterranean. The 
ITiiited States contribuiod GO-9 per cent, of the world’s supply 
in 1935, Russia 10-7 per cent., Venezuela 9-4 per cent., Roumania 
3-9 per cent, and Iran 3*1 per cent. In 1928, India contributed 
0-G4 per cent., which fell to 0-60 per cent, in 1929 and rose to 0-62 
per cent, in 1930, 0-63 per cent, in 1931, and 0-64 per cent, in 1932, 
and foil again to 0*62 per cent, in 1933, to 0-60 per cent, in 1934 
"and to 0*50 per cent, in 1935 ; her position on the list of petroleum 
producing countries fell from 11th in 1929 to 12th in 1930 to 1933, 
her place being taken by Trinidad, and to 13th in 1934 and 1936, 
due to the production by Iraq. 

The production of petroleum in India (including Burma) increased 
slightly from 322,025,280 gallons in 1934 to 322,662,336 gallons 
in 1935, the highest figure in the history of the industry. The 
increase in 1935 is due to an increase of some 4 million gallons in 
Assam, almost offset by a decrease of 3| million gallons in Burma. 
This increase in output in 1935 was accompanied by an increase 
in estimated value amounting to Rs. 22,73,55() (£170,144). 

Th(} amount of gasolene produced from natural gas during the 
year was 9,717,087 gallons, of which 9,309,083 gallons wore produced 
in Burma and 408,004 gallons in the Punjab. 

The Yenangynung field maintained its reputation of being one 
of the most wonderful oilfields in the world. The total production 
during 1935 was somewhat loss than in the previous year but the 
resources of the field as a whole are sufficient to ensure an adequate 
supply of oil for many years. 

At the end of 1935 there wore 3,030 wells producing in the field. 
Besides a largo number of wells drilled to shallow sauds, this total 
includes 183 hand-dug wells whose continued existence is one of 
the ini cresting features of the field. 

During the yeai* further extensions of the producing areas on 
the eastern flank of the field wore proved. In the southern part 
of the field valuable production was obtained from wells in the 


1 Compiled from World Petroleum of June. 1936. 
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southern part of Block 2S and the northern part of Block 4S. Within 
the Reserves and their Borders there were no noteworthy develop¬ 
ments. 

Satisfactory results continue to bo obtained from gas drives in 
the leased blocks; in addition to gas drives, gas is also injected with 
the object of repressuring and storage. The major companies 
operating within the Reserves continued to co-operate in applying 
back pressures to youthful wells. Casing policies continue to bo 
carefully designed to protect the oil sands against the danger of 
flooding by water and, in general, production methods throughout 
the field are characterised by a realisation of the importance of the 
conservation of oil and gas and the prevention of waste, whether 
simple or underground. 

In 1935 there was a slight increase in the output from the Singu 
field. At the end of the year the total number of producing w^cdls 
was 405 as compared with 459 in December, 1934. In addiiiou. 
a number of wells remained (temented above productive sands. 
These wells can bo drilled into productive sands in a very short 
time and the total field production substantially increased. 

In the southern part of the field a valuat)Ie producing area w^as 
juoved and at the end of the year competitive drilling Avas in pro¬ 
gress along the boinulary bcitwoen Bloidcs 5015 and 59N. 

There has been no radical change in juoduction methods during 
the year under report. The fundamental principle underlying the 
policy of the major operating company at Singu is to make those 
adjustrmmts at each w^ell which lead to a inaxinuiin oil recovery 
with a minimum production of gas. Wells with high gas-oil latios 
are shut in, and the balance of casing-head gas remaining after the 
satisfaction of the field requirements is rotmmod to dry gas sands 
for storage, or to certain areas for repressuring purposes. There 
is one gas drive in operation and tlio repressuring operations of 
the British Burmah Petroleum Company, I-itd,, conihiuod to give 
satisfactory results. During the year the Burmah Oil Company, 
Ltd., were actively engaged upon the constiuction of a training 
wall in the River Irrawaddy to reclaim a ])otentiaIIy productive 
area. Continuous gas lift on some wells producing from lower 
division sands and gas displacement pumping on w^ells producing 
from upper division sands wore continued on a small scale, but 
production from the great majority of the wells in the field was 
obtained by ordinary pumping methods. 
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During 1935 there was a good deal of drilling aetirity at 
Yenangyat and, as a result, the total production from the Pakokku 
district, excluding Lanywa, shows a large increase. There was a 
further increase in the production from the Lanywa field during 
1935. Back pressures are maintained on nearly all the wells in 
this model field, which is operated by the Indo-Burma Petroleum 
Company, Ltd. While a number of wells are pumped from a 
central power, the majority have individual pumping motors. The 
gasoline plant was operated throughout the year and gave a satis¬ 
factory yield. 

In the Minbu district there were, at the close of the year, 378 
producing wells. The total production showed little change. Apart 
from routine production there was very little activity in the district 
during the year. 

There was a reduction daring 1935 in the total production 
from the Indaw field. During the year all but one of the wells 
were successfully operated by the automatic gas lift system. 

Production from the Padaukpin and Yenanma fields in the 
Thayetrayo district again showed an increase. Satisfactory progress 
was made in the drilling of the Burmah Oil Conipany’s deep test 
well at Monatkon, but as yet no discoveries of importance have 
come to light. 

The output from Kyaukpyu remained at its usual low level. 

In Assam the output of the Digboi field increased slightly. 
There has been no drilling in outside areas in the Assam Valley. 

In the Surma Valley there was no production and prospecting 
operations were concentrated on the drilling of the new well at 
Masimpur. Some progress was made, but much delay arose from 
serious fishing jobs caused by the extremely difiicult drilling condi¬ 
tions brought about by the nature of the formation and the excep¬ 
tionally high pressures. 

In the Punjab tl^e output from the Khaur field increased by 
over 200,000 gallons as compared with 1934. As a result of the 
indications from a deep tost well into the underlying format]ons 
an old well was deepened to 5,408 feet in October last, giving satis¬ 
factory production. A further edd well is at present in band for 

the same objective, the depth of which at the end of the year was 

4,860 feet. 

On the Dhulian dome a well commenced last year has been 

carried to 7,663 feet and drilling is still in progress. The first 
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iDdi^atioR of oil wa» roported at 7,448 feat iu Sept©iraJt)er aiid the 
well was deepened carefully to 7,501 feel and at tlie beginning of 
November last flowed under low pressurre at lOO barrels per dw. 
This strike was tested for one month and production bold .up 
satisfactorily. Tlio well was then deepened as it was apparent 
it was not yet into the limestones. 


Table 27.— Quantity and value of Petroleum 'pndwced in India during 
the yems 1934 cmd 1935. 




1935. 


Quantity. 


Value (£1 - 

1 

Ra. 133). 

Quantity. 


Value (£1 ^ 

Us. 13 3). 

As mm — 

Digboi 

Gals 

03,764,262 


Rs. 

1,08,86,609 

£ 

818,542 

Gals. 

67,886,580 


Rs. 

1.15,92,24c 

£ 

871,597 

Jiurma — 

Kyaukiiyii . 

Miubu 

Singu . 

13,570 

3,S73,128 

61,927,114 

-1 

(tt) 

-1,82,77,033 

i 

13,549 

3,808,949 

83,590,590 

1 

(a) 

^ 4,98,03,495 


Thayotmyo . 

VpiHsr Chindwiu . 
Yenaagyat (iuclud- 
IiiK Lanywa). 
Yenungyaung 

686,480 ! 
3,095,245 
27,717,552 

137,447,003 


3,629,852 

916,702 

2,788,6)1 

30,414,737 

129,810,946 


3,740,13.5 

Punjab — 

Attock 

3,510,948 


H,77,737 

65,905 

3,436,776 


8,50,194 

61.001 

Total 

322,026^0 

a,00,4 J,379 

4,514,389 

222,662,3^ 

0,23.14,979 

t,085,33.1 


(a) Estimated. 


Table 28. —Imports of Kerosene Oil hUo India during the years 

1934 and 193.5. 




1934. 



1935. 



Quantity. 

Value (£1 -Rh. 13 3;. 

Qiijmtity. 

Value (£1-R.s 13 3). 

From — 

Gals. 

Ra. 

£ 

Gala 

11^. 

£ 

Union of Socialist 

43,121,886 

1,53,92,706 

1.157,346 

43,466,478 

1,38,17,304 

1,0,38,805 

Soviet Republics. 
Roiunaiiia . 

8,796,256 

25,17,500 

31,66,052 

189,286 

1,013,409 

2,91,792 

21,039 

Sumatra 

0,772,813 

J3«,048 

4,689,877 

20,33,078 

1.52,863 

Borneo . . i 

Iran . 

1,971,850 

10,69,061 

79,029 

5,890,997 

12,507,372 

20.60,8)0 

64,81,591 

154 948 
487,338 

Java . 

1,422,981 

2,94,709 

12,78,786 

22,159 

2 

1 


United States of 
America. 

Other countrlea . 

2,118,839 

96,149 

330,092 

2,95,034 

22.183 

390,431 { 

2,49,649 

18,771 

750,164 

4,82,508 

36,279 

Total 

64,5904M9 

2,39,33,m 

1,801,388 

1 

68.648,201 

2,54,02,118 

1,914,435 
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Table 29. —Imports of Fuel Oils into India during the years 1934 

and 1935. 


— 

1034. 

1935. 

Quantity. 

Value (£1- 

Us. 13-8). 

Quantity. 

Value 

Rs. 13-3). 


Gals. 

Its. 

£ 

Gals. 

lls. 

£ 

Front'"- 







Union of Socialist 

912,132 

1,30,966 

9,846 

066,000 

1,44,274 

10,848 

Soviet "Republics. 







Roumanla . 

2,165.569 

3,73,907 

28,114 

20 

6 


Iran . 

77,150,970 

1,36,60,208 

1,026,381 

08,264,798 

1,63,30,412 

1,227,851 

Borneo 

25,466,739 

48,60,602 

827,118 

81,828,024 

51,65,392 

387,623 

0 flier countries 

876,027 

2,59,411 

19,606 

484,946 

1,00,884 

7,586 

Total 

106,671,437 

7,87,05,084 

1,410,900 

I81,498»847 

2,17,30,968 

1,633,907 


Table 30. —Exports of Paraffin Wax from India during the years 

1934 and 1935. 




1934. 



3935. 



Quantity. 

Value (£1«=Rb. 13-S). 

Quantity. 

Value (£l=Us. 13‘3). 


Tons. 

Us. 

£ 

Tons. 

Us. 

£ 

To-^ 







United IClnjJcdom 

11,419 

49,56,754 

372,688 

15,860 

65,26,303 

400,704 

Germany . 

1,855 

7,82,410 

68,828 

205 

87,500 

6,579 

■Ncihcrlanda 

4,778 

20,07,038 

160,906 

6,103 

21,86,027 * 

161,288 

Belpdiirn . 

3,628 

16,32,603 

116,233 

3,002 

12,66,691 

95.210 

Italy 

4,326 

15,66,973 

117,818 

3,411 

13,64,178 

101,818 

China 

2,530 

10,20,600 

76,737 

2,300 

9,66,000 

72,633 

Union of South 

1,958 

7,80,235 

68,664 

2,607 

10,79,526 

81,167 

Africa. 

Bortuffueso East 

4,271 

36,35,003 

122,938 

4,867 

20,36,416 

153,039 

Africa. 

Canada 

2,142 

8,99,640 

67,641 

1,639 

6,46,880 


United States of 

2.751 

11,50,712 

86,620 

2,322 

9,76,920 

73,453 

America. 


Mexico 

4.800 

18,06,000 

135,790 

4,260 

17,85,000 

134,211 

Argontlno Re¬ 

436 

1,83,226 

18,776 

381 

65,125 

4,145 

public. 


Chile 

850 

1,47,000 

11,068 

4,627 

18,76,840 

141,115 

Australia . 

412 

1,73,740 

18,068 

481 

1,82,140 


Other countries 

1,960 

8,21,248 

61,748 

8,141 

18,03,627 

98,017 

Total 

47,U6 

1,94,63,181 

1,463,397 

58»m 

2,23,26,733 

1,678,702 
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There was an increase (over 4 million gallons) in the imports 
of kerosene, due mainly to an increase of over 10| million gallons 
from Iran and nearly 6 million gallons from Borneo, offset in pnrt 
by important decreases from all other countries except Russia, 
the imports from which showed only a slight fall {see Table 28). 

There was a rise of 26 million gallons in the quantity of fuel oil 
imported into India, the principal change being an increase of over 
21 million gallons from Iran and of over 6 million gallons from 
Borneo and a fall of over 2 million gallons from Roumania. Some 
75 per cent, of the supply was derived from Iran and some 24 
per cent, from Borneo {see Table 29). 

The exports of paraffin wax showed an increase amounting to 
some 6,000 tons {see Table 30). 

Salt. 

There was a slight fall, during 1935, in the total output of salt 
(accompanied by a trifling increase in value), due to a decrease of 
39,000 tons in Madras, all the other provinces showing increases; 
the 1934 production was the highest on recjord. Imports of salt 
into India increased by nearly 2,000 tons, all the countries of 
origin showing decreases excepting Germany from which 30,000 tons 
were received above the imports of the previous year, and the 
United Kingdom, from which the imports are negligible. 


Table 31,—Qminiity and value of Salt produced in India during the 

years 1934 and 1935, 


— 

1034. 

1935. 

Quantity. 

Value (£1 =K8.13 3). 

Quantity. 

Value (£1-E8, 13 8). 


Tons. 

Es. 

£ 

Tons, 

Es. 

£ 

Aden 

335,416 

20,44,905 

153,752 

339,667 

19,81,299 

148,970 

Bengal . 

28 

371 

28 

17 

1,079 

81 

Bombay and Sind . 

C20,972 

(tf)26,7.5,218 

201,144 

6.33,700 

31,02,656 

233,282 

Burma . 

86,076 

5,33,916 

40,144 

40,086 

5,31,009 

39.925 

Qwalior (b) 

66 

8,249 

244 

05 

4,726 

855 

Madras . 

490,268 

25,94,094 

195,045 

460,257 

22,89,790 

172,165 

Northern India 

470,977 

38,21,929 

287,863 

474,351 

37,78,679 

284,104 

Total 

1,963,702 

1,10,73,682 

877,720 

1,048,173 

1,16,89,137 

878,882 


[a) Excludes the value of 9,405 tons of salt produced in Sind. 
(5) Figures relate to the official years, 1984’85 and 1085-86, 
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Table S2.—Quantity md value of Roek-Salt 'produmd m India d%nng 
the years 1934 ami 1935, 


— 

1934. 

1935. 

Quantity. 

Value (£l«Rs. 13-3). 

Quantity. 

Value (£1«»R8. 18 * 8 ). 


loos 

Rs. 

£ 

70118 

E4. 

£ 

vSalt Range 

L'i6,900 

11,92,688 

80,672 

168,347 

11,73,107 

88,204 

Kohat . 

19,188 

60,128 

4,621 

21,003 

64,708 

4,865 

Mandl . 

4,133 

1.08,718 

8,174 

4,002 

1,08,477 

8,156 

TOTit 

17Sil71 

13,61,484 

102,367 

i78,a:2 

U,^,292 

101,226 


Table 33. - Im/ports of Salt into India durimj the years 1934 and 1935» 




1934, 



1036. 



Quantity. 

Value (£1 - 

Rs. 13 3). 

(Quantity. 

Value (£1- 

Rs. 13 3). 

\ 

From — ' 

Tons 

Rs. 

£ 

Tons 

lls. 

£ 

United Kingdom . 

496 

74,691 

6,608 j 

1,236 

93,585 

7,037 

Cornmiiy 

.60,348 

8,93,878 

67,208 

86,387 

14,70,251 

110,545 

Aden aud Depon- 
doucies. 

310,023 

39,54,992 

297,368 

298,749 

40,72,470 

806,201 

Bgypt. . . , 

12,824 

1,04,231 , 

12,348 

7,505 

1,22,103 

9,187 

Italian East Atrica 

12,375 

1,70,939 

12,853 



.. 

Other oountrips . 

109 

7,999 

601 

85 

5,703 

433 

Total 

382,173 

52,60,625 

395,986 

893,972 

57,64,262 

433,403 


Saltpetre. 

Although coinpkte statiatics of production of saltpetre in India 
are no longer available {see Rec, Geol Surv. Ind,, LXIV, p, 28i)), 
yet the oxpoj’t ligiii'ea may be accepted as a fairly reliable index to 
the general state of the industry, for, excepting a few hundreds of 
tons required lor internal consumption as fertiliser, most of the 
output is exported to fiueign countries. The quantity exported 
increased from 166,282 cwts. valued at Up. 13,38,171 (£100,614) 
in 1934 to 173,259 ewts. valued at Rs. 13,35,583 (£100,420) in 1935. 
Nevertheless, figures of production of refined saltpetre—without 
values—are available for tracts worked under the sup^vision of 
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the Northern India Salt Revenue Bepartment. The production 
figures for the financial years and 1936-36 are;— 






19;i4.36. 

1935.36. 





Tons. 

Tons. 

Bihar 


• 

. 

2,327 

2,963 

Punjab . 


• 


6,029 

7,727 

United Provinces 

• 

• 

. 

2,446 

1,943 




Total 

10,802 

12,623 


These figures happen to bo greater than the export figures, indicat¬ 
ing that there is an internal market for a portion of tl)e output. 

A certain amount of nitrate of potash is used for agricultural 
purposes on the tea gardens of India. Dttiing the war, when it was 
impossible to obtain supplies of imported potash, the amount of 
locally produced nitrate utilised in tliis way reached an appreciable 
figure. The practice continued and the quantity estimated to have 
been absorbed for fertilising purposes on tea gardens in 1935 was 
900 tons against 700 tons in 1934. 


Table 34 .—DistrihuJtion of SdUpetre exported from India durinxj the 

years 1934 and 1935. 




1934. 



1086. 



Quantity. 

Value (£] -Rs. 13-8). 

Quantity. 

Value (£ 1 = 113 . 13 3). 

To— 

Cwts. 

Rs. 

£ 

Cwts. 

Es. 

£ 

United Kingdom . 

27,544 

2,16,020 

16,167 

55,059 

4,25,040 

31,958 

Ceylon 

42,438 

2,75,207 

20,692 

17,460 

1,10,910 

8,.3.39 

Straits Settlements 

5,712 

83,074 

0,246 

4,320 

49,667 

3,734 

Mauritius and 

l)e pendencies. 

66,717 

5,68,656 

42,756 

72,033 

6,53,409 

41,610 

other countries . 

21,871 

3,96,215 

14,753 

24,397 

1,96,557 

14,779 

Total 

166,282 

13,38,171 

100,314 

178,25$ 

13,33,083 

100,4ii0 


Silver. 

The production of silver from the Bawdwin mines of Upper 
Burma during 1936 rose slightly by 33,894 ozs. as cennpared with 
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1934, but this was accompauiod by a great rise in value of 
Rs. 27,50,283 (£206,788) due to the increase in the price of silver 
during the year {see Table 2 and Lead, p. 259). 

The output of silver obtained as a bye-product from the Kolar 
gold mines of Mysore showed a fall of 1,014 ozs. 

The amount of silver bullion and coin exported during the year 
was 71,955,874 ozs., valued at Rs. 10,67,89,988 (£8,029,322), as com¬ 
pared with 53,991,714 ozs. valued at Rs. 7,26,70,611 (£6,463,948) 
during 1934. 


Table —Quantity and value of Silver 'produced in India during 

the years 1934 and 1935. 




1934. 



1935. 



Quantity. 

Value (£l»=Ks. 13-8). 

Quantity. 

Value (£1 = 

Jl8. 13-8). 

Bihar and Orism — 

Ozs. 

Ha. 

1 

£ 


lls. 

£ 

Matibhum . 

Burma — 

14 

19 

1 


24 

2 

Northern Shan 

Statos. 

Mynore — 


74,44,482 

559,786 


1,01,94,765 

766,524 

Kolar 


41,494 


24,477 

38,952 

2,928 

Total 

5,817.524 

74M,995 

562,867 

5.850,406 

J,02,35,741 

j 769,454 


Tin. 

A further increase though trifling has to bo recorded in the pro¬ 
duction of tin con entrates from Burma including Kareuni State from 
5,801-2 tons valued at Rs. 1,01,70,348 (£764,688) in 1934 to 5,859-7 
tons valued at Rs. 1,01,48,976 (£763,081) in 1935. This is the 
highest quantity yet recorded in any one year but is accompanied 
by a slight fall in value. All districts show increases, except 
Karenni, the decrease from which reduces the surplus over the 1934 
output to 58-5 tons. Of the total production of 1936 4,402-8 tons, 
or some 75 per cent., came from Burma proper, the balance of 1,456-9 
tons being derived from Mawchi in Karenni State, There was no 
reported output of block tin. 

Imports of un wrought tin rose from 44,479 cwts. valued at 
Rs. 67,76,268 (£509,419) in 1934 to 60,990 cwts. valued at 
Rs. 75,71,672 (£569,298) in 1936; 96 per cent, of these imports came 
from the Straits Settlements. 
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Table i&.~QuantUy and value of Tin concentrates produced in India 
during the years 1934 and 1935, 



1034. 

1036. 


Quantity. 

Value (£1-=Rb. 18*3). 

Quantity. 

Value (£1-Its. 13*3). 

Burma — 

Tons 

Ks. 

£ 

Tons 

Kb. 

£ 

AmherBt 

82*6 

50,632 

3,807 

30 7 

69,431 

4,468 

Mergui 

1,357*3 

22,00,102 

172,188 

1,755 9 

29,60,512 

223,272 

Tavoy 

2,612 0 

45,00,064 

3.^8,351 

2,601*7 

45,88,339 

344,988 

Tliaton 

B-3 

8,000 

676 

55 

8,343 

627 

Kurenui State 

1,894*0 

(0)33,20,560 

240,666 

1,456 9 

(0)2.5,23,351 

189,726 

Total 

5.801-2 

1,01,70,348 

704,688 

?,859-7 




(a) EHiimafcecl. 

Table 37 .—Imports of unwrought Tin (blocks, ingots, bars and slabs) 
into India during the years 1934 and 1935, 



1934. 

1935. 


Quantity. 

Value (£1-=K8. 13 3). 

Quantity. 

Value (£1 -Kh. 13 3). 

From — 

1 

C\^ ts. 1 

Kb. 

£ 

CwIh. 

Kb. 

£ 

United Kingdom . 

1,325 

2,12,549 

15,981 

1.407 

2,11,513 

15,903 

Straits SettlementB 

43,143 

65,60,941 

403,304 1 

49,009 

73,19,156 

550,312 

Other countries 

11 

1,778 

134 

484 

41,003 

3,083 

Total 

44,479 

67,75,268 

509,419 

50,990 

75,71,672 1 

i 569,298 


Tungsten. 

An appreciable increase both in quantity and value of the output 
of wolfram from Burma has to bo recorded, namely from 3,328*5 
tons valued at Rs. 37,89,921 (£284,956) in 1934 to 3,837-1 tons, 
valued at Rs, 39,46,027 (£296,693) in 1935, though the price per 
unit declined from 37-17 shillings in 1934 to 34*42 shillings in 1935. 
The only years of higher recorded production are 1917, 1918 and 
1919, the peak production being 4,542 tons in 1917. Higher values 
were rocorded during 1916 to 1919. The rise in output during 1935 
was shared by all producing districts in Burma proper, chiefly by 
Tavoy, but was reduced by a decrease of about 700 tons from 
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KareDDi. Of thk pTodmtiosx 2,6^-1 tons, or 66 per cent., oEme from 
Burma proper, the balance being derived from Mawchi in Karonni 
•6tate. 


Table 38. —Qmntity and valm of Tungsten concmtrateff produced 
in India during the years 1934 and 1935, 



1 mi. 

1 

1035. 


Quantity. 

Value (£1- 

Rh. 18*9). 

Quantity. 

Value (£1 - 

R«. 18*3) 

itiirma — 

Tons 

Ra. 

£ 

Tons 

Ha. 

£ 

Mergui 

121*8 

77,046 

5,703 

223*1 

1,55,943 

11,725 

- Tavoy 

1,201*7 

14,26,744 

107,274 

2,089*1 

21,93,773 

164,945 

Thaton 

10-0 i 

14,225 

1,069 

42*5 

34,607 

2,602 

VanHtthin 




485*4 

2,34^725 

17,428 

Karennl State 

l,«95-() 

(0)22,71,006 

170,820 

1,288*0 

(a)13,24,579 

09,592 

Mong Pal Sfcirfce . 



•• 

9*0 

5,400 

406 

TflTAL 

3,828*0 

37,^9,921 

m.mn 

8,e87"l 

39,in,927 

290,ii93 


(a) Estimated. 


Zinc. 

The })rodui;tion of zinc concentrates by the Burma Corporation 
Limited, in the Northern Shan States, rose from 68,838 tons valued 
at Rs. 26,77,413 (£201,309) in 1934 to 78,590 tons valued at 
lls. 37,99,358 (€285,666) in 1935. The quantity is the greatest 
hitherto recorded, but the value is much below those of the years 
1926 to 1929 (£559,412 in 1928). The o.^ports during the year under 
rc'.view amounted to 76,599 tons valued at Rg, 28,75,272 (£216,186) 
against 77,514 tons valued at Rs. 29,46,693 (£221,656) in the j)rocod- 
ing year. 


Zircon. 

The output of zirooTi, a mineral obtained as a ©oncummt product 
in the collection of ilmenite and monazite in Travancore State 
increased from 380 tons valued at £1,030^ in 1934 to 6,654 tons valued 
at £6,967 in 1935, The imju'easc aoconipaniecl large increases in the 
production 'of ilmemte and monazite. 

^ iWrised. 
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in.-MINERALS OF QROUP II. 


AquaniaHne. 


Tho production of amber in tbo Myitkyina district, Burma, 
decreased from 29*6 cwts., valued at Rs. 12,020 (£897) in 1928, to 
19*6 cwts. valued at Rs. 6,080 (£454) in 1929, 
Amber. 2 .| cwts. valued at Rs. 7^10 (£54) in 1930. 

Tlioro was no re]>orted output in 1931, but in 1932 there was an 
output of 11*5 cw^ts. valued at Ka. 1,940 (£146), in 1933 of 76 lbs. 
valued at Re. 1,500 (£113), in 1934 of 3*7 cwts. valued at Rs. 152 
(£12), and in 1935 of 18*6 cwts., valued at Rs. 2,100 (£158). 

The prodiuition of apaiite in the Singlibhum district, Bihar and 
Orissa, was 22 tons valued at Rs. 3,300 (£244) in 1930, but 7nl in 
1931 to 1935. Tlie outjmt of apatite in the 
Apatite. Trichmopoly district, Madras, rose from 37 

tons \alued at Rs. 372 (£28) in 1933 to 59 tons valued at Rs. 885 
(£67) in 1934, and 102 tons valued at Rs. 1,532 (£115) in 1935 

Tli(» output of acjuainarino from tho deposits of Daso in Ladakh 
in Kashmir rose from 686 tolas (39,000 (airats) valued at Rs, 086 
(£52) in 1933 to 1,221 tolas (69,171 carats) 
Aquamarine. J934. Tlio value of tho J934 production 

was not reported and there has been no ])roduction during li'35. 

The total production of asbestos in India during 1931 was 25*4 
tons valued at Rs. 4,140 (£311), made up of 20 tons valued at 

Rs. 2,500 (£188) from Singhbhum and 5*4 

ASbfslos. ^ 

Cuddapah district, Madras. In 1935 the production amounted to 
62*7 tons compr'sed of 2*7 tons valued at Rs. 1.267 (£95) from the 
Oudda})ah district, and 60 t(»ns valued at Rs. 3,300 (£248) from 
Scraikela State in Singhbhum. 

Tho production o-f barytes in India rose from 3,8b*> tons valued at 
Ks. 35,263 (£2,651) to’ 5,493 tons \alued at Rs. 34,954 (£2,628) 
in 1935. As in 1934 the chief prodiieang dist.ricts 
Barytes. Cuddapah and Kuruool in the Madras 

Presidency. There was an increas<Kl production in Alwar State* 

In 1930, 2,514 tons of bauxite were ]>rodii(‘od, of whicli 719 tons 
came from the Kaira district, of Bombay, and 1,795 tons from the 
rTubbulpor(» district of iho Ceniral Provinc-os. 
Bauxite. out(nit from tlie dubbul]>or(i 

district was 4,298 ions, in 1932 4,467 tons, and in J933> 1,000 tons 
valued at Rs. 3,000 (£226). In 1934 the output was roduood to only 


Asbestos. 


'Barytes. 


Bauxite. 
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18 tons valued at Rs. 90 (£7), from the Jubbulpore district, but rose 
in 1936 to 7,036 tons vahiod at Rs. 15,270 (£1,148). 


Table 39. — Quantity ami value of Barytes produced, in India during 
the years 1934 and 1935. 




1034. 



1935. 



Quantity. 

1 

Value (£1^ 

-Rs. 13-3). 

Quantity. 

Value 18*3). 

Bihar and Orissa — 

Tons 

E4. 

£ 

Tons 

Rs. 

£ 

Manbhum 

180 

1,080 

81 

104 

624 ; 

47 

Madras — 







1 

Anantapnr 

100 

025 

47 


.. 


Cuddapah 

2,500 

25.222 

1,896 

8,626 

! 20,500 

1,541 

Kurnool .... 

023 

4,506 

340 

080 

5,560 

41S 

Itajputana-— 







A]war State 

374 

3.7 JO 

281 

827 

8,270 

fV’J 

Total 

3,813 

35,263 

2,051 

6,493 

3i,954 

2,02H 


In Jaipur State, Rajputana, 20 cwts. of beryl wore extracted in 
1930; no value was reported. There was no output in 1931, but 
gjfyl 1932 there was a production in Ajmer- 

Morwara of 281 tons valued at Rs. 5,281 
(£397) which rose to 324 tons valued at Rs. 7,261 (£546) in 1933, 
falling to 65 tons valued at Rs. 1,650 (£124) in 1934, but rising in 
1935 to 139 tons valued at Rs. 8,519 (£641). This beryl is being 
shipped to Germany and the United States of America for use as 
beryllium-ore, i.e., for the extraction of the metal. The Indian 
beryl is of high grade and fetches from £7 to £10 per ton c.if. in 
America and Europe, so that it is obviously under-valued in the 
returns. There appears to be no previous example of the production 
anywhere in the world of beryl on such a largo .scale. 

The production of native bismuth from the Tavoy district 
Burma, fell from 112 lbs. valued at Rs. 323 (£24) in 1930, to 42 lbs! 

Bismuth. (£6) in 1931, and 27 lbs. 

valued at Rs. 54 (£4) in 1932; it rose again 
to 80 lbs. valued at Rs. 160 (£12) in 1933. There was no recorded 
production in 1934, but in 1935, 224 lbs. valued at Rs. 211 (£16) 
were produced. 
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Borax is somotimea produced from the Puga vaUey in the 
Ladakh tahsil of Kashmir State, the last reported production being 
of 7*3 cwts. in 1929. A contract to work 
these deposits has been given out for 10 years 
on an annual payment of Rs. 80, but no output was reported for 
1934 and 1935. 

The total estimated vahie of building materials, and road-metal 
produced in the year under consideration was Rs. 1,17,73,031 
(£885,190) against Rs. 1,14,39,551 (£860,116) in 

aiid”road*iiietar*^^*^^*** 1934. Certain returns supplied in cubic feet 
have been converted into tons on the basis of 
certain assumed relations between volume and weight. 

The production of limestone and kaiikar during the year 
amounted to nearly 3^ million tons, and if weight of material won 
were the criterion then limestone would be rated next to coal in 
order of importance. The increased output of limestone of recent 
years is partly due to its use as a flux in the iron and steel industry 
and in the manufacture of cement. 

There was a fall in the output of clays from 367,305 tons valued 
at Rs. 3,43,222 (£25,806) in 1934 to 311,949 tons valued at 
^ Rs. 3,93,557 (£29,591) in 1935. This fall is 

duo to a large decrease in the out])uts of Assam, 
Bihar and Orissa, Central Provinces and Madras. Practically the 
wdiole of the large production of Madras is from Travancoro State 
for the manufacture of tiles and bricks. 

An output of 100 lbs. of columbite valued at Rs. 60 (£4) was 
reported from the Monghyr district, Bihar and Orissa, durmg 
1931. 

There was no output during 1932 to 1935. 

Coiumbite* 

The production of corundum in the Salem district, Madras, 
amounted to 30 tons valued at Rs. 2,189 (£162) in 1930, but since 
then there has been no production until 1935. 

Corundum. when 28 tons valued at Rs. G,18l (£465) were 

produced. There was, however, an output 
of 56,560 tolas (13 cwts.) of corundum and of 13,718 tolas 
(3 cwts.) of sapphire with corundum in 1934 and 1935, respec¬ 
tively, from Soomj^irn in the Padar district of Kashmir, this 
was described as ‘ uncommercial material ’. It is additional to the 
gem sapphire recorded elsewhere {sec page 288). 

K 
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Table iO.— Production of Building Materials and 



Ghanitb and 

GNEIPS. ^ 

Latbbitk. 

Lung. 

IlVKSTOKB AND 

Kabkar. 


Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity, 

Value. 


Tons 

Bs. 

Tons 

Be. 

T’ona 

Be. 

Tons 

Be. 

AnRani . • • 

8,234 

16,712 

19,811 

22,799 

“ 

•• 

67,824 

81,160 

Bonsai 

161,165 

1,63,287 


•• 



(fl) 

1,086,816 

•• 

Bihar and Oriaaa 

637,121 

7,09,290 

2,468 

644 


•• 

20,81,038 

Boml^ay . . 

114 

3 

7,029 

6,262 

•• 


800 

2,660 

Burma . . 

1B6.473 

8,88,640 

162,686 

1,60,244 

.. 

•• 

374,106 

4,48,162 

Central India . 





36,280 

2,27,627 

166,181 

67,248 

Ountrul Brovlnces 

11,633 

9,367 




•• 

637,874 

6,80,601 

Delhi 


•• 

•• 



•• 

•• 

•• 

Gwalior , . ' 

•• 

•• 

•• 


•• 

- 

60,848 

82,647 

Kashmir , 

•• 






660 

(&) 

Madras , 

( 120,666 j 

1,89,208 

•• 


*• 

1 

** 

76,286 

46,046 

Mysore , , , i 

7,690 

2,20,067 

•• 


1,068 

81,672 

8,169 

13,087 

NoTth-W(jst Frontier 
Province. 



•• 


•• 


424 

48 

Punjab . 

67,928 

61,288 

*• 


•• 

•• 


1,06,768 

Hajf«utaua 

** 




•• 

1 

! 

(c) 

346,840 

5,06,286 

United Provinc(‘8 

8,670 

7,789 



•• 

•' 

684,286 

4,02,104 

Totai 

3,199,602 

UM4SG 

181,989 

1,78,949 

88,194 

1 

2,69,m 

8,488,418 

46,91,€20 


(t) laishidw SS.712 
(b) Kot reported. 

( 0 ; Ittcladee 74 tom 
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Past 3.] 


Eoad-mOd m India during the yea/r 1935. 
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Table 41. —Production of Clays in India during 1935, 







1936. 


Quantity. 

Value (£1 = 

^Rs. 13 3). 






Tons 

Rs. 

€ 

Assam 





3,936 

3,936 

296 

Bengal . 





17,716 

24,544 

1,845 

Bihar and Orissa 





35,118 

1,85,212 

13,926 

Burma . 





25,898 

28,146 

2,116 

Central India . 





2,669 

3,412 

257 

Central Provinces 





37,962 

39,172 

2,945 

Delhi . 





37,108 

32,212 

2,422 

Gwalior . 





520 

1,422 1 

107 

Madras . 






39,003 

2,933 

Mysore . 






24,277 

1,825 

Punjab . 





28,782 

10,479 

788 

Bajputana 

• 




809 

1,742 

131 



Total 

1 

311,949 

3,93,557 

29,691 


The output of felspar in J9.34 was 628 tons valued at Rs, 6,311 
(£474), whioh rose in quantity to 702 tons in 1935, with a fall in 
Felspar value, however, to Rs. 4,943 (£372). This 

total is made up of 47 tons from the Ban¬ 
galore district, Mysore valued , at Rs. 311, 55 tons from Alwar State, 
Rajputana, valued at Rs. 223 and 600 tons from Ajmer-Merwara 
valued at Rs. 4,409. 

There was a fall in the reported production of fuller’s earth 
from 8,526 tons in 1934 to 7,644 tons in 1936. The decrease 
Fuller’s earih, was mainly from Bikaner State, Rajputana, 
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Table 42 .—Qmntity and value of Ftdler’s Earth produced m India 
during the years 1934 and 1935. 


— 

1954. 

1935. 

Quantity. 

Value (£1 

lls. 13 8). 

Quantlt5% 

Value (£1«-B8, 13-3). 


Tons 

ite. 

' £ 

Tr>nH 

Ka. 

£ 

Jiombaff — 







Hytlcrabad (Sind) 

821 

17,503 

1,310 

08.5 

13,340 

1,004 

ITlmirpiir State (Sind) 

4,281 

(«) 42,810 

3,219 

4,201 

(a) 42,010 

3,158 

1 

Central Prarittee*-^ 







Jubbulpore 

25 

123 

9 

44 

210 

16 

Rajpvtana — 







liikaner . 

2,213 


1,170 

1,437 

11,U7 

838 

Jalealnicr State 

18 

195 

15 

17 

193 

15 

Jodhpur State . 

1JC8 

14,000 

1,0.52 

1,260 

15,000 

1,128 

Total 

8,526 

90,2Cfi 

6,787 

7,644 

81,91o 

6,150 


(a) Kstiraatini. 


In 1934 tliero was an output of 225 tons of garnet sand valued 
at Rs. 2,250 (£169) in the Tinnevelly district, Madras, wliicli in- 
(Teased to 325 tons, valued at fis. 3,250 (£244) 
"" in 1935, 

Tliero was an output in 1934 of 337 tons of graphite valued at 
Rs. 4,816 (£359) comprised of 99 tons valued at Rs. 49 from the 
Botul district, Central Provinces, axid 238 tons 
valued at Rs. 4,767 from the Kolar district, 
Mysore. In 1936 this rose to 657 tons valued at Rs. 11,481 (£863), 
composed of 406 tons valued at Rs, 9,274 from the Betul district, 
160 tons valued at Rs. 2,157 from the Kolar district, and 1 ton 
valued at Rs. 60 from Vkagapatani district, ]\Iadra8. 

There was a slight fall in the output of gypsum from 46,757 
tons valued at Rs. 91,241 (£6,860) in 1934 to ^45,318 tons valued 
Qy uifi 92,363 (£6,945) in 1936, with slight rise 

in value. The Jodhpur output increased by 
6,000 tons, but was more than counterbalanced by decreases ir* 
Bikaner and Jhelura districts. 
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Tablb 43.— Quantity and mine of Gypsum produced in India during 
the years 1934 and 1935. 


— 

j 1984. 

1 

1 1985. 

Quantity. 

Value (£«lt8. 18-8). 

Quantity. 

Value (£l-»iU. 18-8). 


Tons 


£ 

Tons 

Es. 

£ 

Kashmir State 

165 

1,126 

85 

•• 

i 

•• 

Madras — 





1 


Trlchinopoly 

65 

660 

42 

528 

8,276 

246 

Pvnjab — 







Jlicltim .... 

17,218 

22,562 

1,696 

11,016 

18,577 

1,021 

Rajputana — 

i 






Bikaner State • . • 

4,049 

0,919 

746 

2,680 

7,276 

547 

Jalsalmer State 

270 

1,076 

81 

295 

1,285 

08 

Jodbpnr State . • 

25,000 

56,000 

4,210 

80,000 

67,000 

6,038 

TOTAl 

46,767 

91,241 

6,860 

45,818 

92,363 

6,946 


The output of kyauite and quartzite and related rocks in Bihar 
and Orissa is becoming increasingly important, partly for purposes 
of export, and partly for use in India, such 
lojnJ'mfnerais*** ^**''*®' as for furnace linings at Jamshedpur. The 
data for 1934 and 1936, which all relate to 
the Singhbhum district—except for 4 tons of quartzite produced 
in Ajmer-Merwara, Rajputana, in 1934 and for 29 tons of kyanite 
from the Mysore State in 1934, are assembled in Table 44, from 
which it will be seen that there has been an increase in total out¬ 
put from 21,648 tons valued at Rs. 1,79,801 (£13,619) in 1934 to 
43,724 tons, valued at Rs. 4,03,003 (£30,301) in 1936. The most 
valuable of these materials is kyanite extracted for export by the 
Indian Copper Corporation from Lopso Hill in Khamwan. 
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Table 44.— Quantity and mine of Miscellaneous Refractory Materials 
produced in Bihar and Orissa during the yems 1934 and 1935, 



1934. 

1935. 


Quantity. 

Value (£1 =.Rh. 13-3). 

Quantity. 

Value (£l = 

-Its. 13*3). 


Tong 

Rb. 

£ 

Tons 

Rs. 

£ 

Kyanlte .... 

(0)9,411 

1,43,113 

lOJtJO 

19,903 

3,24,0.55 

24,35.5 

Quart3S’mioa<HScIiliit 

1,813 

17,830 

1,341 

4,702 : 

46,943 

3,.530 

Qoartxito .... 

(b) 10,324 

18.a58 

1,418 

19.119 

32,00.5 

2,406 

Total 

21,648 

i,79,3dl 

id..5/9 

43,724 

i 4,0$,f>03 

30,3^1 


(а) IncliidPA t he production of 29 tonH of kyanito in Mysore State. 

(б) Includes 4 tons of qiiartsite produced in Ajmer-Merwara, Rajputana. 


There was a decrease in the reported production of ochre from 
9,614 tons valued at Rs. 43,328 (£3,268) in 1934, to 8,190 tons 

Ochre (£3,082) in 1935 Central 

India and the Central Provinces were mainly 
responsible for this decrease. 

Table 45.— Quantity and value of Ochre jyrodueed in Ivdia during 
the years 1934 and 1935. 


mi. I 3935. 



Quantity. 

. 

Value (£1 

-Rs. 13-3). 

Quantity. 

Value (£l - 

= Rs. 13-3). 




Tons 

Rs. 

£ 

Tons 

Rs. 

£ 

Btiiar and Orissa . 



50 

500 

38 

352 

1,038 

123 

Cojitral India 



(tt) 3,400 

23,040 

1,733 

3,292 

22,942 

1,72.5 

C?entrai Provinces . 



4,714 

10,039 

755 

3,297 

8,165 

614 

Qwatlor 



543 

3,488 

262 

437 

2,734 

20.5 

Kashmir 



OS 

(6) 

.. 


“ 

1 

Madras 



251 

2,365 

178 

427 

1 3,066 

276 

Ra)putana . 



390 

2,701 

203 

311 

1,378 

104 

United Provinces . 



168 

1,186 

89 

74 

480 

30 

Total 


2.614 

4S,3SS 

3,2S8 

8,190 

40,993 

3,092 


(a) Revised. 

W Not reported. 
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Since the liquidation of the Burma Ruby Mines, Limited, and 
the final cessation of the operations of this company in 1931, there 
has been an interregnum during which reliable 
S Sapphire and of production of gem stones i]i the 

^ Mogok Stone Tract have been unobtaiua}>lo. 

W ork, however, is still continued by local miners; in addi¬ 
tion a certain amount of work is being done under extraordinary 
licenses. For 1932 no returns were available, except that a fine 
ruby of 17 ciirats was found at Chaunggyi near Mogok, and a fine 
sapphire of about 90 carats and a good star sapphire of 453 carats 
were mined at Katha. For 1933 the only return was of 1,103 carats 
of rubies from Katha. For 1934, however, there is a reported pro¬ 
duction of 21,022 (carats of rubies valued at Rs. 36,011 (£2,708) 
and J53 carats of S{ipj)hiro valued at Rs. 330 (£25), and for 1935 
98,753 carats of rubies valued at Rs. 1,10,213 (£^^,287), 202 carats 
of sapphires, valued at Rs. 329 (£25) and 6,687 carats of spinels 
valued at Rs. 3,850 (£289). The data for 1933, 1934 and 1935 
relate to production under extraordinary licenses. 

In addition, the production was reported from Soonijam in the 
Padar district of Kashmir State, of 13,696 t;clas (798,929 carafe) 
of sapphire, the value of which has not yet been determined. 
Th(^ro w'as also a production of about 3 cwts. of sapphire with corun¬ 
dum of no commercial value (see page 281). The swipphire deposits of 
Kashmir have long been knowm, but on account of their high 
altitude tlicy are wmrked only occasionally. 


Table 4Q].—Quantity and value of Ruby, Sapphire and Spinel pro- 
diiced in India during the years 1934 and 1935, 




1934, 



1935. 



Quantity. 

Value (£1* Be. 13-3). 

Quantity. 

1 

Value (£l«-lls. 18 3) 

linrma- - 

Carats 

Ks. 

£ 

Carats 

Ks. 

£ 

Katha 

21,622 

(Enbies) 

36,011 

i 2,708 

98,753 

(Jluhies) 

1,10,213 

8,287 


15,3 

(S»pphlr(;^) 

330 

25 

(a) 202 
(Sapphires) 

329 

25 

Kaahmlr State 



*• 

6,687 

(Spitiel) 

3,850 

289 

1,071,869 

(Sappliires) 

1,38,961 

10,448 

798,929 1 
(Sapphires). 

(b) 

j 


T{)TAL 

1,093.644 

1,75M2 

lijBJ 

tot .171 


j 


(а) ExcliiUdH 2,272 camtn valued at B«. 74 only. 

(б) Value nut yet determined. 
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The output of soda (pJiidli) in Kashmir Stato was 7 tons valuod 
at Rs. 194 (£15) in 1934; the production in 1935 was nil. 
There was no recorded production of from or 
urao from the Lonar Lake, in the Buldana 
district of Berar, in the Central Provinces. 

In parts of the Dry Zone of Burma an efflorescent deposit con¬ 
sisting largely of salts of sodium, mainly the carbonate is formed 
on the surfacje of the soil, and is used locally in the crude condi¬ 
tion under the name of sapaya or ‘ soap sand for washing pur¬ 
poses The output in 1934 was 6,174 tons valutid at Rs. 8,473 
(£637) rising in 1935 to 9,525 tons valued at Ks. 10,152 (£763). 
This production is from the districts of Kyaukse, Meiktila, Myingyan 
and Sagaing. 

There was an increase in the production of steatite from 9,375 
tons valued at Rs. 1,70,239 (£12,800) in 1934 to 12,516 tons valued 

Steatite (£14,403) in 1935, principally 

due to rises in the outputs of the Hazaribagh 
and Jubbulpore districts, and to other districts in a loss degree. 


Table 47.— Quantity and mhu* of Steatite produced in India during 
the years 1934 and 1935. 



1 

1934. 


1 

19.3.'). 


1 

Quantity. 

Value (£l 

Ur. 13 3). 

Quantity. 

Value - 

= K8 13-3). 

Bihar and OrUrn — 

Tons 

Rs. 

^ i 

Tons 

Ks 

£ 

Hasaril^aKh 

40 

300 

23 

1.225 

9,975 

750 

Majrurbhanj State 

1 

96 

7 i 

23 

2.216 

167 

SeraJkela St&to . 




HO 

4.500 

HHS 

Hinghbhum 

244 

1,134 

80 

128 

512 

38 

Cmtral India — 







BIJawar State . 

40 

1.66t> 

124 

80 

1.974 

J48 

(*enfral Prorittee *— 







Bliandara 

144 

2,160 

162 

500 

2,500 

188 

Jabbaipore 

1,723 

22,ia5 

1,668 

2,321 

20,978 

1„577 

Madroi^ 







Anantapur 




260 

2,150 

162 

Ncllore .... 

26 

**390 

29 

25 

238 

1 18 

Salem .... 

220 

3,767 

283 

199 

2,206 

166 

Mtftore State 

106 

635 

48 

103 

567 

1 

RaipiUana — 

Jaipur Stat« 

6,671 

1,35,760 

10,207 

6,914 

1,40,292 

10,548 

United Peofdncte-— 







Handrpnr 

126 

1,397 

105 

750 

3.005 

220 

Jbaiiai .... 

34 

775 

.58 

29 

550 

34 

Total 

3.876 

IJ0,239 

12,800 

12.596 

L91M3 

J4.40J 


^ Bee the Quinquenaiai Review of Mineral Produotion for 1929-1933. 
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Until recently, figures of production of ammonium sulphate as 
a bye-product at the ooloAg plants of iron and steel works and 

. collieries have been collected only every five 
Sulphate of Ammonia. • _•! - a ■ i 

years for the qumquennial reviews of mineral 

production. They prove, however, to be of such general interest 
that it has been thought desirable to report them annually, and 
the figures for 1934 and 1935 are shown in Table 48. Values 
have not been obtained, and ammonium sulphate will not there¬ 
fore find a place in Table 1. The figures show an increase in pro¬ 
duction from 11,775 tons in 1934 to 15,398 tons in 1935. The 
exports for these two years were 2,961 tons and 7,376 tons respec¬ 
tively. 


Tablk i8.— Prodtidmi, of Sulphate of Ammonia in India during 
the years 1934 and 1935. 


— 

1934. 

193i1. 


Tons 

Ton8 

The Tata Iron and Steel Company. Limited 

6,028 

6,484 

The Indian Iron and Stool Company, Limited . 

3,208 

6,099 

The Burrakur Coal Company, Limited 

1,207 

1,206 

The Ea^it Indian Railway Colliery, Giridih 

219 

231 

The Bararoe Coke Company, Limited 

' 1,113 

1,378 

Total 

11,775 

15,398 
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IV.-MINERAL CONCESSIONS GRANTED. 

Table i9.-Statement of Mineral Concessions granted during the year 193$. 

AJMER-MERWARA, 






Nature 

Area 

Date of 


District. 

Grantee. 

Mineral. 


of 

in 

commence- 

Term. 





grant. 

acres. 

ment. 


Ajmer . 

(1) L. Prag Naralu C/o 
The Ice Factory, 

Mica and beryl 


P. I. 

2-74 

lOtli January 

1 year. 


(Renewal). 


1985. 


Ajmer. 







Do. 

<2) Do. 

Beryl and felspar . 

P.L. 

0-72 

5th March 

8 montlis. 




(Renewal). 


1035. 


Do. 

(8) L. Oordhanlal Rathi, 
Naslnhad. 

Mica . 


P.L. 

0*60 

27Ui May 

1 year. 




(Renewal). 


1935. 

Do. 

(4) L. Prag Narain, C/o 
The Ice Factory, 

Mica, felspar, quartz 
and beryl-ore. 

P.L. 

1*72 

8th July 

1985. 

Do. 


Ajmer. 







Do. 

(6) Do. 

Mica, felapar 

and 

P.L. 

0-80 

17th August 

Do. 


china clay. 


(Renewal). 


1986. 


Do. 

(6) Do. 

Felspar . 


P.L. 

1-88 

29th Kovcm- 

Do. 





tier 1985. 


Do. 

(7) Do. 

Do. . 

. 

P.L. 

0-76 

Do. 

Do. 

Do. 

(8) Do, 

Mica, felspar 

and 

M.L. 

7-00 

10th May 

5 years. 


beryl-ore. 




1986. 


Do. 

(0) Messrs. Abdul Ohanl 
A Co., Nasirahad. 

Do, 


P.L. 

1*24 

16th Decern- 

1 year. 






ber 1035. 

Do. . 

(10) Do. 

Mica 

. 

P.L. 

6-44 

Do. 

Do, 

Do. 

(11) Do, 

Mira, felspar 

and 

M.L. 

6-60 

17th April 

6 years. 


beryl-ore. 




1935. 


Do. 

(12) L. Oordhanlal 

Mica 


P, L. 

0’20 

23rd Decem¬ 

1 year. 


Rathi, Nasirahad. 





ber 1085. 

Do. 

(18) Do. 

Do. . 


M.L. 

3-88 

17th April 

3 years. 






1936. 

Do. 

(14) Mr.J.K.Sonejiof 

Mica, felspar 

and 

P. L. 

0-74 

16th Decem¬ 

1 year. 


Qujrat, Ajmer. 

ber>'l-orc. 




ber 1085. 


Beawar 

(16) Do. 

Do. 


P.L. 

1-66 

13th Novem¬ 

Do. 




(Renewal). 


ber 1086. 


Do. 

(16) Quasi Syed Moha¬ 
mad Nlaz All, Be.awar. 

Mica 

• 

P.L. 

1-60 

9th October 
1985. 

Da 

Do. 

(17) Do. 

Do. . 


P.L. 

6-66 

21 st October 

Do. 




(Renewal). 


1935. 


Kalera Bosla 

(18) Mr. J.K.Sonejiof 

Do. 


M.L. 

Whole of 

20th April 

7 sears. 

Estate. 

Qujrat, Ajmer. 



(Renewal). 

Kalera- 

Bogla 

1986. 


Khawas Estate 

(10) Ur. Nusserwanjl, 

Mkja and beryl-ore . 

M. L. 

Estate. 
Whole of 

27th March 

10 years. 

Sawar Satate 

D. Contractx>r, Ajmer. 




, Khawas 
Estate. 

1985. 


(20) Do. 

Do. 

• 

M. L. 

Whole of 
8awar 
Estate. 

8rd May 1934. 

6 years. 




B. L.i>l>MfNMir Umm. IL L. •> JfMif £«iw. 
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District. 

Grantoe. 

Mineral. 

Mature 

of 

grant. 

Area 

In 

acres. 

Date of 
commence* 
ment. 

Term, 

jakhlinpur . 

(21) The Assam Oil Co., 
Ltd. 

Petroleum 

P.L. 

1,7020 

let January 
1085. 

1 year or 
such time 
as a mining 
lease la 

granted 
whiohev c r 
period is 
less. 

Do. 

(22) Do. 

Do. 

P.L. 

665*6 

Do. 

Do. 

Do. 

(23) Do. 

Do. 

P.L. 

3.476*2 

3ist Decern* 
l»or 1984. 

Do. 

Do." 

(24) Do. 

Do. 

P.L. 

600-7 

31.st Decem- 
l>er 1085. 

1 year. 

ibsafifur 

(2.5) N. N. Hoy, Proa- 
poctinj? Syndicate, Ltd. 

I Limestone 

M.L. 

250-1 

7th February 

1 1985. 

16 years. 

Do. 

(26) Do. 

Coal 

M. L. 

1,684-8 

Do. 

30 years. 

Do. 

(27) Do. 

Limestone 

M.L. 

1,684-3 

Do. 

16 yeAFS. 

Do. 

(28) Do. 

Fireclay 

M.L. 

; 1,684-8 

Do. 

Do. 

Do. 

(29) Do. 

China clay 

M.L. 

I 1,684-8 

Do. 

Do. 

ylhot . 

(SO) The Biirmah Oil 
Co., Ltd. 

Mineral oil 

P. L. 

0,305-6 

1st October 
! 1935. 

Up to 5th 
April 1036. 

Do. . 

(31) Do. 

Do. 

P. L. 

3,161-6 

8r«l Septem¬ 
ber 1935, 

Do. 


BIHAR AND ORISSA. 


Angul . 

(32) Haja Tricunjl . 

Red ochre 

M. L. 

594-20 

L8th March 
1036. 

20 years. 

Hazaribagh . 

(33) Messrs. Chattu 
Ram Horn Ham Ltd. 

Mica . 

M.L, 

80-00 

1st Augnst 
1036. 

30 years. 

Do. 

(34) Hal Bahadur S.E. 
Sahana. 

Do. . . . 

M.L. 

127-00 

Do. 

Do. 

Do. 

(35) Messrs. John Pod- 
gar and Company, Ltd. 

Do, . 

M. L. 

40-00 

16th October 
1036. 

Do. 

Santal Par- 
ganas. 

(36) Babu Haineshwar 
Marwiiri Darji. 

Coal 

M.L. 

6-00 

Ist April 1085. 

2 years. 

Do. 

(37) Bnbn Subodh 

Chandra Do. 

Do, , 

M, L. 

2-15 

Do. 

Do. 

Do. 

(38) Do, 

Do. . 

M.L. 

1-00 

Do. 

Do. 

Do. 

1 (39) Babu Bans! Ram 

1 Marwari. 

Do. . 

M. L. 

1-90 

Do. 

Do. 

Do. 

(40) Babu Ganga Ram 
Marwari. 

Do. . 

M.L. 

1-82 

Do. 

Do. 

Do. 

(41) Babu Banal Kara 
Marwari. 

Do. . , , 

M.L. 

0-88 

Do. 

Do, 

Do. 

(42) Do. 

Do. . 

M.L. 

0-09 

Do, 

Do. 

Do. 

(43) Do. 

Do. 

M.L. 

D-00 

Do. , 

1 Do* 


P. t,^Pro»peeting Lieente. 
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BIHAE AND OmSSk-corUd. 


District. 

Grantee. 

Mineral. 





SiDghbhum . 

(44) BabuN.N. Kumar 

Manganesf' 

M.L. 

478-40 

25th March 
1936. 

10 years. 

Do. 

(45) Dabu Maogllal 
Kungta. 

Chromite 

M.L. 

289-28 

19th Septem¬ 
ber 1935. 

15 years. 

Do. 

(46) Kal Bahadur Bataii 
Lai Burajmal. 

Do. 

P.L. 

1,500-00 

25th April 
1935. 

1 year. 

Do. 

(47) Mr. Bibhuti Bhu- 
san MJtra. 

Do. 

P.L. 

1.48400 

8th July 1935. 

Do. 

Do. , 

(48) Balm Kangilal 
lluugta. 

Do. 

P. L. 

33.5 00 

16th June 

1935. 

Do. 

Do. 

(49) Babtt BhagM'an 
Das Thakur. 

Do. 

P. L. 

215.50 

17th August 
1935. 

Do. 

Do. 

(50) ftir Satya Charan 
Mukharji. 

Do. 

P.L. 

742-40 

7tb Septem¬ 
ber 1986. 

Do. 

Do. 

(51) Do. 

Do. , , 

P.L. 

16000 

Do. 

Do, 

Do. 

(52) Balm B. B. MJtra 

Do. 

P. L. 

720-00 

261 h Aupu&t 
1935. 

Do. 

Do. , 

(58) Balm Hadal Gopal 
Bungta. 

Manganese , , 

BOMB;\ 

P. T,. 

Y. 

340-00 

26th Novem¬ 
ber 1935. 

Do 

Ahmedabad . 

(54) Saltan Chluoy, 
Ksqr, 

Mineral oils and 
natural gat. 

P. L. 

9,000 

1st Limmry 
193.5. 

1 year 

Droflch ami 
P a n c b 
MtthalH. 

(65) Shlvrajpur Hymll- 
catc, Ltd. 

Manganese-ore 

M. L. 

18 

201 h Julv 

1935. 

10 yearn. 

Do. 

(66) Do. 

Do. 

M.L. 

26 

23rd Julv 

1935. 

Do 

Kanara 

(67) Messrs. Kllllek 
Nixon A (Jo. 

Do. 

P.L. 

203 

10th June 

1935. 

1 ye.ar. 

Tliaiia . 

(68) Mr.(J.l\Sonawnla 

Bauxite . 

BFRM 

P.L. 

167 

16th No\ em¬ 
ber 1985. 

To the end 
! of 31st 

Decern li e r 
1980. 

Akyab. 

(69) Messrs. The Tndo- 
Burma Petroleum 
Co., Ltd. 

Natural petpoleum 
(including natural 
gas). 

P. L. . 1 

(Kenewal). 

1.280-0 1 

15th Decem¬ 
ber 1934. 

1 yewr. 

Amherst 

(60) Mr. B. B. Fernan¬ 
dez. 

All minerals exo^pt 
oil. 

P.L. 

2,880-0 

20th May 

193.5. 

Do 

Do. 

(61) Mr. Haw En Boke 

Do. 

P. L. 

211-2 

2nd July 1035. 

Do. 

Do, 

(62) Mr. W. K. Smith 

Do, 

P.L. 

640-0 

22iid October 
193.5. 

Do. 


?>t.mProi^^n 0 l{cem, }i, Mining 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence*' 
mont. 

Term. 

Amherst 

(63) W. B. Smith 

All minerals except 

nil 

P.L. 

480*0 

22nd October 
1985. 

OtU Septem¬ 
ber 1986. 

1 year. 

Du. 

((H) Mr. N. Deed 

Antimony 


P.L. 

480*0 

Do. 

Do. 

(05) Manng Tun Mating 

Do. 

. 

P. L. 

1,920*0 

8rd October 
1085. 

1st June 1985. 

Do. 

Do. 

(06) U On Pc . 

Tin 


M. L. 

6400 

80 years. 

Bhamo 

(6^ Mr. T. Lindsay 
Wlllan. 

Gold and {datlunm . 

P.L. 

(BenewnI). 

826*4 

Ist October 
1985 

1 year. 

Do. 

(68) Do. 

Do. 


P.L. 

(Bouew.i'). 

804*8 

0th Novem¬ 
ber 1985. 

Do. 

Do. 

(69) Mr. D. Kohn 

Gold . 


P.L. 

(Renewal). 

51*2 

1st October 
1035. 

Do, 

IlouzaUa . 

(70) Mr. K. B. Ibrahim 

All minerals other 
than mineral oil. 

P. L. 

088*0 

28rd Decem¬ 
ber 1985. 

Do. 

Lower C'hind- 
win. 

(71) Messrs. The Tndo- 
Biirma Petroleum 
Co., LW 

Natural petroleum 
(including natural 
gas). 

P. 1.. 

(Bcnewal). 

825*6 

Both July 

1985. 

Do. 

Do 

Magwe 

(72) Do. 

(73) Messrs. The Bur- 
mah Oil (’0 , LW. 

Do 

Du. 

• 

P.L. 

(Renewal). 
P. L. 

1,510 8 

72*9 

24th Septcin- 
her 1986. 
lUth August 
1935. 

Do. 

2 years. 

Meiktila 

(74) Mr. Llm You 
Kyone. 

Antimony 

* • 

P.L. 

985*6 

14th Novem¬ 
ber 1935. 

1 year. 

i 

Morgui 

(75) Mr. V. A. B. 
Sutherland. 

Tin and 
minerals. 

allied 

P. L. 

121*6 

4th June 

1986. 

Do, 

Do. 

(76) Mr. L. 0. Khoo . 

Do. 


P. L. 

681*2 

9th August 
1035. 

Do. 

Do. 

(77) Milling Ba Cliin . 

Tin 


P. L. 

90*0 

4th July 1985. 

Do. 

Do. 

(78) Maung San Dun . 

Do. 

• • 

P.L. 

550*4 

12th Decem¬ 
ber 1985. 

Do. 

Do. 

(79) Mr. Boon Kyet . 

Tin and 
minerals. 

allied 

P. L. 

294*4 

1st June 1985. 

Do. 

Do. 

(80) U Kya Zin . 

Do. 


P.L. 

4160 

29th May 1985. 

Do. 

Do. 

(81) Maung Chit Pc . 

Tin 

• • 

P.L. 

486*4 

8th October 
1035. 

Do. 

Do. 

(82) Mr. (iul Mahamed 

Tin and wolfram 

P.L. 

224 0 

7th Novom- 
1986. 

Do. 

Do. 

(83) Mr. Eng Tain 
Loong. 

Tin and 
minerals. 

allied 

P. L. 

10*2 

5th July 1935. 

Do. 

Do. 

(84) Mr. Tan Shu En . 

Tin 

. 

P.L. 

820*0 

3rd July 1985. 

Do. 

Do. 

(85) Mr. Saw Lein Lee 

Tin and 
minerals. 

allied 

P. L. 

44*8 

5th July 1985. 

Do, 

Do. 

(86) Mr M. Hanlff 

Tin and wolfram 

P.L, 

601*2 

29th August 
1985. 

Do. 

Do. 

(87) Mr. Tan Teik Aik 

Do. 


P. L. 

556*8 

27th Septem¬ 
ber 1935. 

Do. 


P. l.-ProtpeeUag Vam. 


U, li.aiJfMiv £mm. 
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DiHtriet. 

Orantoo. 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acrcB. 

Date of 
oomrnencc- 
mont. 

Term, 

Mcrgui 

(88) Mj*. Choy Shark . 

Tin-ore . 

P. L. 


4800 

5th June 

1935. 

1 year. 

Do. 

(89) Mr. En Owan Kyin 

Do. . 

P. L. 


492-8 

6th S^^pt€m- 
ber 1936. 

Do. 

Du. 

(90) Mr. Jamal Oomer 

Do. . 

P. L. 


.544-0 

28th May 

19.3.5. 

Do. 

Do. 

(91) V Kya Zln . 

Tin and allied minc- 
rala. 

P. L 


6010 

29th May 

1935. 

Do. 

Do. 

(92) Mr. Tan Trlk Aik 

Tin and wolfram 

P. L. 

« 

347-2 

4th July 

1935 

Do. 

Do. 

(98) Mr, Eng. Tain 
Lcong. 

Do. . 

P. L. 


83-2 

lltli June 

1985. 

D.\ 

Do. 

(94) Sum- Mauog Po . 

Tin 

P. L. 


640 0 

12th Decem¬ 
ber 1935. 

Do. 

Do. « 

(95) Mr. G. 11. Uuml . 

Tin and woilraui 

P. L. 


256-0 

IGth Auguai 
1935. 

Do. 

Do. 

(96) Mr. Eng. Tain 

lA'OUg. 

Do. . 

F. L. 


1,248-0 

14 th Decem¬ 
ber 1935. 

Do 

Do. 

(97) Mr. M. Uanlff , 

Wolfram, tin and 
other allhtl inetala. 

P. L. 


480-0 

4 til July 

1935. 

Do. 

IK) 

(98) Mewa The Tavoy 
Proapectora Ltd. 

All lulueraia other 
than oil. 

P. L. 


r>G9-6 

11th June 

1935 

Do. 

Do. 

(99) Mr. L. R. Dfttif . 

i Tin and wolfrana 

P. L.* 


620 8 

26th Septem¬ 
ber 1935. 

Do. 

Do. 

(100) Mr. Tan Telk 
Aik. 

Do. . 

P. L. 


056-8 

4th Septem¬ 
ber 1935. 

Do. 

Do. 

(101) Ma Tin . 

Do. . 

P. L. 

! 

422-4 

30th Oclobrr 
1935. 

Do. 

Do. 

(102) Mr. E. Kyin 
Hlalng. 

Tin ... 

1 

P. L. 


;i77-6 

28th Septem¬ 
ber 1935. 

Dch 

Do. 

(303) Mr. F. Wah Yu 

Tin and wolfram 

P. L. 


550-S 

3Ut.h October 
1935. 

Do. 

Do. 

(104) Mr. Ah Ycr 

Do. . 

P. L. 


480-0 

9th August 
1935. 

Do. 

Do. 

(105) Maong Soin Chi . 

Tin-ore . 

P. L. 


172-8 

5th July 

1935. 

Do. 

J)o. 

(106) Mr. Ool Kwe Ya 

Tin and wolfram 

P. L. 


512-0 

8th August 

1935. 

Do. 

Do. 

(107) Mr. Tan Shu En 

Tin-ore . 

P. L. 


480 0 

30th Septem¬ 
ber 1935. 

Do. 

Do. 

(108) Mr. Jamal Oomer 

1 )0, , 

P.L 


102-4 

28th May 

1935. 

Do. 

Do. 

(109) Maung Hlalng Pu 

Tin and wolfram 

P.L. 


467*2 

23rd October 
1935. 

Do 

Do. 

(110) Mr. Eng Taiog 
Leong. 

Tin-ore . 

P. L. 


185-6 

18th October 
193.5. 

Do. 


P. L,""Prpipeetinf Zuxmet U. Li "»Aiinin$ leate* 
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Mineral. 

Kature 

Area 

Date of 


District. 

Grantee. 

of 

In 

commence- 

Term. 



grunt. 

acres. 

ment. 


Kergul 

(Ill) Mr. M. Haiiiff , 

Tin and wolfram 

P.L. 

040*8 

14th August 

1 year. 





1935. 


Do. 

(112) Mr. P. B. 0. 

Do. . 

P.L. 

806*4 

26tli Septem- 

Do. 


Watson. 




her 1985. 


Do. 

(113) Maung Seln Slim 

Do. . 

P. L. 

202*4 

4th October 

Do. 




1935. 


Do. 

(114) Mr. Eng Tain 

Tin-ore . 

P.L. 

704*0 

10th August 

Do. 


Leung. 




1986. 


Vo. . 

(115) Maung Ulaing Pu 

Till and w(»lfrani 

P. L. 

276*2 

28rd October 
1985. 

Do 

Do. 

(U6) Mr. Jaiual Ooiimr 

Tin ore . 

P. L 

884 0 

f>th Soptom- 

Do. 





btr 1935. 


Do. 

(117) iD. P. Wall Yu 

Tin and w'olfrani 

P. L. 

140*8 

12th August 

Do. 





1986. 


Do. 

(118) Mr. A. D. Vald . 

Tin-ore 

P. L. 

377*0 

19th Novcin* 

Do. 





b(T 1985. 


Do. 

(110) Maung Kyan 

Du 

P. L. 

170*2 

I7th Decern- 

Do, 


Thein. 




her 1935. 


Do. 

(120) Maung Kyln 

Do. . 

P. L. 

108*4 

27th Septoin- 

Do. 


Kairig. 




her 1986. 


Do. 

(121) Mr. Abu Ehoon 

Do. 

M. L. 

172*8 

1st May 1985. 

30 years. 

Do, 

(122) U San Dun 

Tin and wolfram 

M.L. 

211*2 

Do. . 

1 }rar. 

Do. 

(128) Mr. A. S. Mabo- 

Do. 

M.L. 

640*0 

1st January 

Do. 


ined. 




1935. 


Do. 

(124) Mr. Udhandar . 

Do. 

M. t.. 

1,017*6 

1st August 
1935. 

Do. 

Do. 

(125) Do. 

J>0. 

M.L 

211-2 

Ist July 1935. 

Do. 

Do. 

(120) Mr. E. Alimed . 

Do. 

M. b. 

276*2 

Jst May lfi35. 

Do. 

Do. 

(127) Mr. Yew Shwc Nl 

Do. 

M. L. 

2112 

1st Septem¬ 

Ik). 





ber 1985. 


Do. 

(128) Messrs. The Ma¬ 

1>0. 

M.L. 

098*4 

iBt July 1935. 

Do. 


layan and General 
Trust (1038), Ltd. 


M.L. 




Do. 

(120) Mr. Eng. Tain 

Tin 

179*2 

15th Marcli 

Do. 


Leong. 




1985. 


Do. 

(130) Mr. Ini Sit Van . 

I'iii and wolfram 

M.L. 

134*4 

1st April 193.5. 

Do. 

Du. 

(181) Maung Hlalng Pu 

Do. 

M.L. 

198*4 

Ist Novem¬ 

Do. 






ber 1935. 


Do. 

(132) Mr. A. D. Vaid . 

Tin and allied mine¬ 

P.L. 

826*4 

19th January 

Do, 


rals. 

(Renewal). 


1935. 

Do. 

(133) Mr. Ooi Boon 

Tin-ore . 

P.L. 

202*4 

3rd January 

Do. 


Kyat. 


(Renewal). 


1935. 


Do. 

(134) Mr. Tan Siw Sbin 

Tin and allied mine¬ 

P.L. 

204*8 

22ud January 

Do. 



rals. 

(Renewal). 


1935. 


Do. 

(135) Mr. Saw Lein Lee 

Do. ' . 

P, L. 

1216 

'20th January 

Do. 




(Renewal). 


1935. 



hf^Protpeedng Umte, M* l.mMining Zeatc. 





Part 3.] 


Heron: Mineral Production, 1935. 
BUKMA—cowfi. 


297 


District. 

Grantee. 

Mineral 

Nature 

of 

grant 

Area 

In 

acres. 

Date of 
commence¬ 
ment. 

Term. 

Merpriii 

(13f>) U E. Gyi . 

Tin-or<, violfrani and 
allied mln« rulH 

P. 1. 

{Ut>ni wal). 

1.53 6 

15111 January 
193.5 

1 year. 

Do. 

(1.37) r San ])\m 

Tin . . . 

V 1. 

(Kenen.»l). 

lli8 0 

12th Januury 
19.35 

Do. 

Do. 

{13S) Ma Tin . 

Tin and allied mine* 
rajfl. 

P. L. 

(Benewal). 

fiOfiO 

12th January 
193.5. 

Do. 

Do. 

(139) Mr. Tau Teik Aik 

Tin-ore , 

P. I. 

(Benewal). 

499 2 

16th January 
1935. 

Do. 

Do. 

(140) Mr. In Sit Van . 

Tin and allied mlne- 
rala. 

P. L. 

(Reiiewai) 

204 H 

19th February 
1935 

Do. 

Do. 

(141) Mr. Obey Shark . 

Tin, woltram and 
other allied metals. 

P. I. 

(Renewal). 

249“6 

16th Pphniary 
1935, 

Do. 

Do. 

(142) Mr. Eng Tain 
Lcong. 

Tin-ore . 

P. T. 

(Renewal). 

224 0 

Do. . 

Do. 

Do. 

(14.3) Mr. Gbl Malm- 
innl. 

Tin and wolfram 

P.E. 

(Renewal). 

371 2 

Till February 
1935. 

Do. 

Do. 

(144) Do. 

Tin and aasociatiit 
minerals. 

P. L. 

(Renewal). 

486*4 

6ih February 
193.5. 

Do. 

Do. 

(145) Mr. A.D. Vaid . 

Tin and allied mine¬ 
rals 

P. L. 

(Renewal), 

428 8 

28th February 
198.5. 

Do. 

Do. 

(146) I-KyaZIn 

Do. . 

P. 1, 

(Renewal). 

217 6 

6th lehrunry 
1935. 

Do. 

Do. 

(147) Mr. I.wng Poke 
Hye. 

Tin-ore . 

P. 1. 

(Renewal). 

428 8 

19th February 
1985. 

Do. 

Do, 

(148) Mr, Ah Kboon . 

Tin and allied mine- 
ral.«. 

1 

P. J.. 
(Renewal) 

428 8 

1 

Do 

Do. 

Do. 

(149) Mr. Tan Telk Aik 

Tin-ore 

P.L , i 

(Renewal). 

428 8 

15th Pehn irj’ 
1935 

Do. 

Do. 

(150)Mr.A.S.Mahmpd 

Tin and other allied 
metals. 

PI.. 

(Renewal). 

544*0 

Do. 

Do. 

Do. 

(161) Mr. A. E. Ahmed 

Wolfram, tin and 
other allied metals. 

P L. 

(Renewal). 

678-4 

9th Mareh 

1935. 

Do. 

Do. 

(152) Mr. Leong Poke 
Hyp. 

Tin and allied mine¬ 
rals. 

P. L 

(Renewal). 

411 6 

8th March 
1935 

Do. 

Do. 

(15S) Mr. Ooi Boon 
Kyet. 

Do. 

P. L 

(Renewal). 

147*2 

9th March 
1985. 

Do. 

Do. 

(1.54) Mr. S. E. Mayat 

Tin-ore . 

P. L, 

(Renewal). 

67 6 

Do. 

Do. 

Do. 

c 

O 

S 

Tin and other allied 
metals. 

P. L. 

(Renewal). 

262*4 

Do. 

Do. 

Do. 

(156) Mr. E. Kyin 
lllaing. 

Tin and wolfram 

P. 1. 

(Renewal). 

S45 6 

Do. 

Do. 

Do, 

(157) Mr. F. Wall Yn , 

Tin-ore . 

P, L. 

(Renew-al). 

268 8 

loth Mareh 
193.5 

Do. 

Do. 

(156) Mr. Mating Kyin 
Hlaing. 

Do. 

P. 1. 
(Kenew’a!) 

800*0 

Do. 

Do. 


P. licence, 
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District. 

Grantee. 

Mineral. 

1 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
commence¬ 
ment. 

Term. 

Mergai 

(16«) Mr. Ton Tcik Aik 

Tin-ore . 

P.L. 

(Renewal). 

308-4 

0th March 
1985. 

1 year. 

Do. 

(160) Do. 

Do. , 

P.L. 

(Renewal). 

38B-6 

27ili March 
1086. 

Do. 

Do, 

(161) Maung Chit Pc . 

Do. . . . 

P.L. 

(Renewal). 

696-2 

10th March 
1036. 

Do. 

Do. . 

(162) Mr. Chey Shark . 

Wolfram 

P. L. 

(Renewal). 

1,16S4 

24th April 
1986. 

Do. 

Do. 

(168) Maung Sein Slian 

Tin and allied mine¬ 
rals. 

P. L. 

(Renewal). 

400-2 

20th March 
1986. 

Do. 

Do. 

(164) Saw Maung Po . 

Tln*ore . 

P.L. 

(Renewal). 

268-R 

2 let March 
1085. 

Do. 

Do. , 

(166) Mr. Ool Kwoc Ya 

Tin and allied mine¬ 
rals. 

P. L. 

(Renewal). 

845-6 

29th March 
1086. 

Do. 

Do. 

(166) Mr. Gill Malja- 
med. 

Tin and associated 
mineraift. 

P. L. 

(Renewal). 

877-6 

6th April 

1085. 

Do. 

Do. 

(167) Mr Hhazada 

Khan. 

Tin and allied mine¬ 
rals. 

P. L. 

(Renewal). 

224-0 

17th April 
1086. 

Do. 

Do. 

(168) Do. 

Tin and associated 
minerals. 

P. L. 

(Renewal). 

.884-0 

Do. 

Do. 

Do. . 

(161>) Milling Seln Shan 

Tin-ore . 

P. L. 

(Renewal). 

467-2 

Do. 

Do. 

Do. 

(170) Saw M.aung Po . 

Do. . 

P. L. 

(Renown 1). 

108 4 

Dn. 

Do. 

Do. 

(171) Ma Tin . 

Do. . . . 

P. L. 

(Renewal). 

172 8 

21 St April 

103.5. 

Do. 

Do. ^ . 

(172) Saw Maung Po , 

Do. , . , 

P. h. 

(Renewal). 

806-0 

17th April 
1035. 

Do. 

Do. 

(178) Mr. Kii Gw^an 
Kyin. 

Do. . . . 

P. L. 

(Renewal). 

06-0 

Do. 

Do. 

Do, 

(174) Mr. Tan Rlk 
Bhee. 

Tin and allied mine¬ 
rals. 

P. L. 

(Renewal). 

400-6 

41h May 1036. 

D(*. 

Do. 

(175) Saw Maung Po , 

Tin-ore . 

P.L. 

(Renewal). 

243-2 

I7th April 
1086. 

Do. 

Do. 

(176) Mr. Tn Sit Tan . 

Tin and other mine¬ 
rals. 

P. L. 

(Renewal). 

204-4 

18th May 

1085. 

Do. 

Do. 

(177) V Kya Zln 

Tin and allied mine¬ 
rals. 

P.L. 

(Renewal). 

858 4 

25th April 
1085. 

Do. 

Do. 

(178) Mr. W. King ling 

Do. . 

P.L. 

(Renewal). 

88-2 

8rd May 3086. 

Do, 

Do. 

(170) Mr. Ah Khoon . 

All minerals except 
mineral oil. 

P.L. 

(Renewal). 

620-8 

loth May 
1985. 

Do. 

Do. 

(180) Mr. Ah Yee 

Wolfram 

P.L. 

(Renewal). 

160-0 

22nd May 
1985. 

Do. 

Do. . 

(ISl) Mr Jamal Oomar 

Tin-ore , 

P.L. 

(Renewal). 

67-6 

lit May 1985. 

Do. 


P, t.^^Profpefting Uemf. 




Pabt 3.] 


Hbron : Mineral ProduUion^ 19S5, 

BURMA—*conid. 


Dtetrict. 






Term. 

Mer^ui 

(182) Wr. Tan Kik Kiiii 

Tin and allied mine¬ 
rals. 

P. L. 

(Renewal). 

:iR4'0 

loth May 

1935. 

1 year. 

Dr). 

(18:D Mr. Janml (M^nar 

Wolfram 

P.L. 

(Renewal). 

448 0 

9th May 1086. 

Do. 

Do. 

(184) Mr. Tan T<‘IIf 
Aik. 

TIn-orc . 

P. L. 
(Rencual) 

J17'0 

15th May 

1935. 

Do. 

Do. 

(18r>)&!r.8ha}tBdaKlinn 

Do. 

P. L. 
(Renewal) 

.^)50'8 

mh May 1935 

Do. 

Do. 

(186) Ma Hta Bhwo . 

Do . . . 

P. L. 
(Renewal) 

:in7 2 

23rd June 

1035. 

Do. 

Do. 

(187) Do. 

Do. 

P L. 

(Renewal), 

•m 8 

20th June 

1035. 

Do. 

Do 

(188) Mr. Tan Shu Ku 

Tin and associated 
minerals. 

P. L 

(Renewal) 

28J 6 

Do. 

Do. 

Do. 

(180) Ma Tin . 

Do. . . . 

P.L 

(Renewal). 

1020 

28th June 

1935. 

Do. 

Do. 

(190) Mr. Ten Toik 
Owan. 

W'olfram 

P.L. 

(Renewal). 

121 0 

2nd July 1935. 

Do. 

Do. 

(191) Mr. A. 8. Maho¬ 
med. 

W'olfram and other 
aaaociated minerals. 

P. L. 

(Renewal) 

74 S 8 

let Aujiust 
1985. 

Do. 

Do. 

(192) Mr. Tan Boon 
Ileln. 

Tin-ore . 

P. L. 

(Renewal) 

140-8 

21th AuRUSt 
1935. 

Do, 

Do, 

(193) D Kya Zlu 

W'olfram 

P. L. 

(Renewal). 

83-2 

2Dth August 
1985. 

Do. 

Do. 

(194) Mr. Tan Telk Aik 

Tin-ore . 

P. L. 

(Renewal) 

876-8 

22nd August 
1936. 

Do. 

Do. 

(19ft) Mr Leoiific All 
Chan. 

W^olfmin 

P. L. 

(Renewal). 

307 2 

1 

8th Septem¬ 
ber 1935. 

Do. 

Do. 

(196) Mr John 1 
Dnnpe 

Tin and all other 
minerals 

P.L 

(Renewal). 

108-8 

6th Septem¬ 
ber 1935. 

Do. 

Do. 

1 (197) Mr Ah Yee 

Tin-ore . 

P L. 

(Renewal). 

3r»2 0 

20rh Oetober 
1935. 

Do. 

Do. 

(198) Ma Hta Shwe . 

All mineraia except 
oil. 

P.L 

(Renewal), 

34,'>-C 

25th Septem¬ 
ber 1986. 

Do. 

Do. 

(190) Mr.GnlMnhajned 

Wolfram 

P.L. 

(Renewal). 

ftOft-8 

21st Septem¬ 
ber 1985. 

Do. 

Do, 

(200) Mr. I. R. Beale 

Tin and associated 
mlnenila 

P.L. 

(Renewal). 

217-6 

16th Novem¬ 
ber 1985. 

Do. 

Do. 

(201) Mr. A. Helleman 

Tin and allied mine¬ 
rals. 

P.L. 

(Renewal). 

76-8 

17th Novem¬ 
ber 1985. 

Do. 

Mlnbu . 

(202) Mesars. The 

Burmab Oil Co,, Ltd, 

Natural petroleum 
(InclndinR natural 

mY 

P. L. 

76-8 

10th May 1936, 

2 years. 

Mylngyan 

(203) Meeara. The 

Brltlffh Burma h Pestro* 
leum (To., Ltd. 

Do. 

P. L. 

640 0 

! 

i 

30th August 
1986. 

1 year. 


F 2 


?. TAc«Mf. 
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District. 

(iraotre. 

Allneral. 

Nature 

oi 

praut. 

Area 

in 

neres. 

Date of 
eornmenee- 
inent. 

Term, 

Myinpyan . 

Do. 

(204) Messrs. The 

ilritifeh Buinui Pefro- 
leiim Co., Lid. 

(20r)) Messrs Tiif 

IJurnialiDil Co ,Ltd. 

Natural petroleum 
(iiioiuding Datura] 
pa^.) 

]>(► 

P. L. 

i‘. L 

2,442-2 

5.235 2 

10th January 
1985. 

aoth August 
1935. 

2 years. 

Do. 

Myitkyinft . 

(20C) Mr. (‘ W. Cliatfr 

All miiiMnls except 
oil 

J». L. 

l,21«-0 

ntliMa) 1985. 

1 year. 

Do 

(207) Dr. A, M. (1. 
Blrc(‘k 

Cold ami ])lutiiniii) 

r. J.. 

1,920 0 

7lh Peluuary 
1985. 

Do. 

Do 

(20K) Mr W. 11 Smilli 

Do. 

p. J.. 

8 5H4 0 

JOth M«v]9«6. 

Do. 

Do. 

(209) Dr A. W. <! 
lilecck. 

l>o. 

P. L. 

1.260 0 

20fh July 

1985. 

Do. 

Do 

(210) Mr. (Icorpp D. 
Mvm. 

('.'old 

P L. 

0400 

Do. 

Do. 

Do 

(211) Do. 

Do. . 

P. L 

040 0 

Do. 

Do. 

Do 

(212) 1)0. 

Do. 

P. L. 

040 0 

Do. 

Do. 

Do 

(21H) Do 

Do. 

P. L. 

040 0 

Do. 

Do 

K 0rt lier 1) 
Slian Statc.«i 

(214) Mr. A K. Dltcr- 
iaixJer. 

Anliniouv 

P L. 

100 0 

80th March 
1935. 

Do 

Do. 

(21.'-.) Messrs The 

Burma rorporiition. 
Ltd. 

Iron-ore . 

P. L. 

3 ^ 

27th Septem* 
her lOSl). 

Do. 

Do. 

(216) Do. 

Do. . 

P.L 

(Kenewal). 

720-0 

4th July 193r) 

Do. 

Pakokkii 

(217) M(\shis The 

Biirmah Oil Co . htd 

NaDual I'fdroh’uni 
(imhuUnp natuial 
tots) 

P L. 

(penenal) 

77fi2 

23rd Dc<-«ii»- 
ber 1934. 

Do, 

Do. 

(21S) Do. 

Do. 

P I. 

(Uenewal). 

10(1 0 

J4th Decem¬ 
ber 193,5 

Do. 

Sal\v<i(’ii 

(21(1) Maui)!? ^yuli V 

All miifeial-s except 
iniiieral oil, tin nod 
wolfram comMned. 

P L. 

5IR4 

251 h January 
1935 

Df». 

Do. 

(220) Mr. (1. E. Mver*', 

Dold . 

P L 

(Itenewal). 

040-0 

1st ,lun(‘ 1935. 

Do. 

Do. 

(221) Do. 

Do. . 

I>. L. 

(KenowaJ). 

040-0 

Do. 

Do. 

Do. 

(222) Do. 

Do. . . . 

P.L 

(Kenewal). 

1,280 0 1 

i 

Do. 

Do. 

Do. 

(223) Do 

Do. . . . 

P. L. 

(Renewal). 

040-0 

Do. 

Do. 

Do. 

(224) Mr W. Tt Smith 

All minerals exee]>t ' 
oil, tin and tin and 
volfram ifimhined. 

P. L. 

(Renewal). 

672-0 i 

1st May 1036. 

Do. 

Do. 

(226) Mr r;. K. Myeis 

Cold 

P. L. 

(Renewal). 

640-0 

1st June lOa.'S. 

Do, 

Do. 

(220) Dam- Tlta Shue . 

All minerals exeejd 
mineral oil 

P.L. 

(Renewal) 

640-0 

1st Hftptem- 
ber 1035. 

Do. 


P. If. Profipfetittff Lireuft^, 






Paet 3.] 


Hkbon : Mimral Prodttctimi, l93->. 
BVBMk—corUd, 


District* 

Drantce. 

Mineral. 

Katuro 

of 

grant. 

Area 

In 

acres. 

Date of 
commenre- 
rnenl. 

Term 

Shwebo 

(227) r iVIauuij: (iyee . 

Gold or other inini-- 
rals. 

1*. L. 

23()'S 

17th Sf tein- 
hcr 193,'i 

1 .^ea^. 

1)0 

(228) Moasra.Tholndo- 
Ituriaa IVtrolcum Co., 
LUl. 

Natural petroleum 
(inciudinji; naiiual 
gas). 

P L. 

(Kvnewal) 

2,.')47 2 

12<h March 
1935 

Do 

Do. 

(229) Do. 

Do. 


1*. 1. 

(Ilonewal). 

6.440 0 

14lh August 
1936. 

DO. 

S 0 u t h 0 . r tt 
Shan MUtos. 

(230) Mr. Saw Lvifi Loe 

Wolfram, lead and 
antimony. 

r L. 

1,280 0 

2l)(h March 
1935. 

Do. 

1)0. 

(231) Do. 

All iriiueraD 
tin. 

•ixeept 

?.*L. 

1,280-0 

21,st Alimli 

hm. 

Do. 

Do. 

(232) Mr. A. (lasjajr . 

Do. 

‘ 

r. L 

980 0 

2nd Man-ii 
19.35. 

Do. 

Do. 

(233) Mr S. 1C. Mayrt 

Do 


V. I.. 

J.28U0 

19th .l.ujiijuy 
193.5 

Do. 

1)0. 

(234) Mr. tlh.-y Ah Hr*c 

Do. 


i\ h 

320 0 

29 th August 

19.35 

Do. 

Do. 

(23.') Mr I VonoKyat 
C'hm 

Do 


V I.. 

8()0'0 

22nd .Tune 

1935. 

Do. 

Do 

(230) Do 

Do. 


P. L 

1 2S() 0 

2r)th.)iilj 1935. 

Do. 

Do 

(237) Mr. L Ah Ton . 

Do 

. 

P. 1. 

(Kpn(‘W.\l) 

lUO 0 

11th August 
19.15. 

Do. 

Tiivoy . 

1 

(2.38) Mr C. T S 
TtaiiHoni. 

WoUrani 


P. I,. 

3.V2 0 

17rh D(‘<tm* 
)»<-r 19,34. 

1 

Do. 

Do 

(2.39) M^^s^rv Ku Dolfi 
Brothers. 

Do. 

' 

P 1. 

(U-O 

1th -latui.nrx 
1935 

Do. 

Do. 

(240) Do 

Do, 


1* L 

192 0 

lot) .1 .it) Haw 

1935 

Do. 

Do. 

(241) Mr W. Km Lin- 

Do. 


P. 1. 

396 8 

ISth ,K)i)u,iiv 
1935 

Do. 

Do. , 1 

i 

(242) Mr. Kii Kyaiiiiy; 
Njta 

Do. 


P. 1. 

040-0 

22n<i .lainiurv 
UI.35. 

Do. 

D(». 

(243) Mr. B. r N 
Tw1l(>. 

Do. . 


r. 

14-7 

31 Ht .lainury 
1935 

Do. 

Do 

(244) Do. 

l>t). . 


y L. 

70 4 

I>0. 

Do. 

Do. 

(24,'i) Dr.lCuThaZwau 

Do. . 


P. L. 

428 8 

ls( Kehnmrv 
1935. 

Do. 

Do. 

(246) IT Ay-c IV 

Dt). . 


P 3.. 

211-2 

2nd Pehruarj 
393.5. 

Do. 

1)0. 

(247) Mr, Chan Ket? . 

Do 


P. L. 

57 6 

8th TVhrtmrv 
193.5. 

Do. 

Do. 

(248) Mcsara. Ku Pola 
Brotbew. 

\H\ . 


P. T,. 

192-0 

nth Fehruarv 
1935, 

j 1)0. 

Do. 

(249) Mr.YoeTorRwa 

1)0, . 


P. L. 

1.^)3 6 

Do. . j 

1 Do. 

Do. 

(250) Mr, Plmman 

Bitiffh. 

Do. . 


P, D. 

i 

339-2 

26th Fehrttary 
1935 

1 Do. 

1 


P, h.’^ProfpecHng JAecnsf, 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence- 
meat. 

Ternu 

Tsvoy 

(261) Mr. R. 0. N. 
Twite. 

Wolfram 

P.D. 

67*6 

5th March 
1036. 

1 year. 

Do. 

(252) Messrs. Eu Pola 
Brothers. 

Do. . . , 

P.L. 

826-4 

l&th March 
1086. 

Do. 

Do. 

(258) Mr. Shazada 

Khan. 

Do. . 

P.L. 

1084 

8rd April 1986. 

Do. 

Do, 

(254) Saw Manng Fo . 

Do. . . . 

P.L. 

25-6 

18th April 1936. 

Do. 

Do. 

(256) Dr. EuThaZwan 

Do. . 

P.L. 

147-2 

24th April 
1085. 

Do. 

Do, 

(250) Messrs. Eu Fola 
Brothers 

Do. . 

P. L. 

820-0 

26th June 1085. 

Do. 

Do. 

(267) Mr. Chew Whoe 
Shain. 

Do. . 

P.L. 

57*6 

24th June 

1085. 

Do. 

Do. 

(258) Messrs. Eu Pola 
Brothers. 

Do. . 

P.L. 

102-0 

6th AprU 1085. 

Do. 

Do. 

(269) Mr. Kim Sw« . 

Tin and allied mine¬ 
rals. 

P. L. 

877-6 

Ist July 1085. 

Do. 

Do. 

(260) V Kyairiij . 

Wolfram 

P. L. 

106-4 

24th Jnly 1985. 

Do. 

Do. 

(261) Mr.LlmTwaKee 

Do. . 

P.L. 

275-2 

8 th August 

1085. 

Df», 

Do. 

(262) Mr Yoc Kyi Hail 

All miucrais except 
! oil 

P. L. 

544 0 

24th August 
1086. 

Do. 

Do. 

Do. 

(268) Mr, Phuman 

Singh. 

(264) 1^ Shwe Myoo . 

Do. 

W'olfrsni 

P. L 

P. L. 

6400 i 

8SI 0 

Do. 

1 

13th beptein- 
her 1985. 

Dc». 

Do. 

Do. 

(266) V Ba Hlalng . 

All minerals except 
oil. 

P.L 

128-0 

7th October 
1985. 

Do. 

Do. 

(266) Mr, Phuman 

Singh. 

Do. 

P. L. 

566 8 

8tb October 
1086. 

Do. 

Do. 

(267) Mr. Eu Kyauuff 
Nga. 

Do. 

P.L. 

102 4 

19th October 
1986. 

Do. 

Do. . 

(268) Daw Thhi Myaing 

Do. 

P. 1,. 

606-2 

25th October 
1935. 

Du. 

Do. 

(260) Mr.YoeKyiHan 

Do. 

P. L. 

490-2 

Do. 

Do. 

Do. • 

(270) U Maung Maung 
Latt. 

Do. 

P.L. 

640-0 

4th November 
1086. 

Do. 

Do. 

(271) Mr. Yoe Toe Bwa 

Do, 

P.L. 

882-0 

7th November 
1086. 

Do. 

Do. 

(272) Mr. Lini Toe Yin 

Do. 

P. L. 

060-0 

16th Novem* 
her 1986. 

Do. 

Do. 

(278) Mr.B.C.N.Twite 

Do. 

P. L 

656-8 

j 

28th Novem¬ 
ber 1985. 

D(». 

Do, 

(274) Mr. V. A. B 
Sutherland. 

Do. 

P L. 

1472 

4th December 
1985. 

Do. 


I*. L.^Pro9p0cHffg Lioen$€. 
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BURMA—oonti. 


Btotrlflt. 

GrAniee. 

Mineral. 

Nature 

ol 

grant. 

Area 

in 

acres. 

Date of 
comtnenoo- 
ment. 

Term, 

Tavoy . 

(276) Mr. Shaiada 

Khan. 

Wolfram 


P. L. 

1,2800 

21 St Decem¬ 
ber 1036, 

1 year. 

Do, . 

(276) V Ba Lay . 

Do. 


P.L. 

3200 

lllh Novem¬ 
ber 1936. 

Do. 

Do. . 

(277) Saw Manug Po . 

Do. 


P.L. 

8.32'8 

15th Novem¬ 
ber 1935. 

Do. 

1)0, . 

(278) Mr. Tan Po Thin 

Do. 

• 

P.L. 

320-0 

18th Novem¬ 
ber 1935. 

Do, 

Do. . 

(270) Do. 

Do. 

• 

P.L. 

« 

704 0 

80th Novem¬ 
ber 1935. 

Do. 

Do. . 

(280) Do. 

Do. 

• 

P. L. 

198-4 

4th December 
1985. 

Do. 

Do. . 

(281) Mr R. 0. N. 
Twite. 

All ininera!* except 
oil. 

P. L. 

320-0 

30th October 
1935. 

Do. 

Do . 

(282) Mr. Quail (!hong 
(Dian. 

Tin, wolf rain 

allied mini^rale. 

and 

M.L. 

2.36 8 

16tb August 
1935. 

80 years. 

Do. . 

(283) Mr. 0. 8oo Don . 

Tin and allied 
nilnerala. 

ML. 

147 2 

1st December 
1035. 

Do. 

Do 

(284) Mr. Quah Hun 
Dhrscing, 

Tin, wolfram 
allied irdnenil** 

niid 

M L. 

320 0 

15ih October 
1935. 

Do. 

l»o 

(285) U OUti N>un , 

Tin ami wolfram 


M L 

(Mj-0 

hi December 
1935. 

Do. 

Do 

(2H6) Do, 

Do 


M L 

108-4 

D<p. 

Do. 

Do 

(287) Mr Hun 

Dhcong 

Tin, wuliram 
.ilUed mineral 

and 

M I. 

208 8 

D( November 
1935. 

Do. 

Do . 

(28h) D(i 

Do 

' 

M r 

1 :>u ‘1 1 
i 

J&r fcbniary 
1935. 

Do, 

Do 

(280; Mtaisw. TliP 

'Jwvoy Tin Dre<if:fng 
< 'or|i(>ritti(pfi. Ltd 

Ail inli!cr.d' cMrpf 
IKdroIcniu and | 

prn ioiia i 

M L. 

! 

'.DO 0 1 

1 

3rd J'cl/ruary 
1935 

15 ycara. 

D" 

(220) .Mr Kn K'^Mun 2 : 
]V«a. 

All inincni-. rxcrpt j 
mi 

P 1. 

nU'iicual) 

i.l'hOO 1 

7Di Nqptembcr 
1935. 

1 year. 

Do 

(201) V Manns: .M.auiig 
Latt 

Do 


V L. 

(Uemovul) 

1 LViO 

3hl pt* Pnb'T 
i9;j > 

1 

Do, 

(202) Mr Kii Kyaunp 
N^ga. 

Dip. 


P L 

(Hfucual) 

1,2.30 0 

13(b Or-tobci 
Mllfp 

Do. 

Do. . 

(203) Mr. Khazoda Khan 

Do. 


P. L. 

(UePU'Wal). 

6 to 0 

21 -it Decem- 
I'cr 1935, 

Do. 

Do. . 

(204) Mr. l!u Kynung 
Nga. 

Do. 


P. L 

(Renewal) 

1,280 0 

0th Septem- 
I'er 1935 

Dpi 

Do. . . 

(206) Mr. C. T. S. Ran¬ 
som. 

Do. 


P, L 

(Renewal), 

f)40'0 

30(h Novom- 
hor 1935. 

1)0. 

Do. . 

(206) The Mlntba Tin 
Mine Syndleste. 

Do. 


P.L. 

(Renewal). 

640-0 

1st March 
1935, 

Do. 

Do. . 

(207) Mr. Teh Lu Pe . 

Do 


P.L. 

(Renewal). 

480 0 

27th February 
1935. 

Do. 


P. L.-PrM|MeMiw JUmrm. M. L.-JIfimfj Inn. 
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LDlstrict. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Bate of 
commence¬ 
ment. 

Term. 

Tavoy . 

(298) Mr.lI.G.Grcgson 

All minerals except 
oil. 

P.L. 

(Itenew'al). 

ii'B 

2nd April 

198B. 

1 year. 

Bo. . 

(299) Mr. Teh Lu Pe 

Bo. 

P.L. 

(Ecnewai). 

1280 

18th Apiil 
1985. 

Bo. 

Bo. . 

(300) Mr. Ych) Kyi Han 

Bo. 

P. L. 

(Renewal). 

42B‘8 

Util June 

1985. 

Bo. 

Bo. . 

(301) Bo. 

Bu. . 

P.L. 

(Renewal). 

76-8 

6th Septem¬ 
ber 1936. 

Bo. 

Bo. . 

(302) Mr. Chan Kco . 

Bo. 

P.L. 

(Renewal). 

435-2 

20th May 

1935. 

1)0. 

Bo. . 

(303) Mr. Teh Lu Pe 

Bo. 

P.L. 

(Renewal). 

1,280-0 

4 th June 

1935. 

Bo. 

Bo. . 

(804) Mr. C. Soo Bou . 

Bo. 

P.L. 

(Renewal). 

313-6 

16th June 
1935, 

1)0. 

Bo. . 

(305) Mr V. A. Koa» 
Sutherhiud. 

Bo. 

P. L. 

(Renewal). 

115-2 

5th June 1985. 

Bo. 

Bo. . 

(306) Eu Kyaung Kga- 
Baw Till Syndicate. 

Bo. 

P.L. 

(Renewal), 

0000 

22n(i May 1035. 

Bo. 

Bo. . 

(307) Bo. 

Bo. 

P.L. 

(Renewal). 

882 0 

271 h July 1935. 

Bo. 

Bo. • * 

(308) Mr. Chau Keo . 

Bo. 

P. L. 

(Renewal). 

512-0 

24 th July 

1035. 

6 inoiitbn. 

Bo. . 

(309) Mr. Kn Kyaung 
Nga. 

J>u. . 

P. L. 

(Renewal). 

204-8 

Jiih July 1985. 

1 year. 

Bo. . 

(310) TJ Aye Pe . 

Wolfram » 

P.L. 

(Renewal). 

499-2 

13th July 1935. 

Bo. 

Bo. . . 

(311) t; Ba Hlalng . 

All TiiineralH except 
oil. 

P. L. 

(RencMal). 

704-0 

7th Octolter 
1035. 

Bo. 

Bo. . 

(312) Mr Toh Lu Pe 

Bo. 

P. L. 

(Renewal). 

960-0 

18th August 
1035. 

1)0. 

Bo. . 

(3L3)USaw?e. 

Bo. 

P.L. 

(Renewal). 

1.664-0 

8rd Septem- 
l>cr 1085. 

Bo. 

Bo. . 

(3H) Mr. Shazada 

Khan. 

Wolfram 

P.L. 

(Renewal). 

1,280-0 

24th Septem- 
iHjf 1936. 

1)0. 

Bo. . 

(315) Mr. G. A. Turtee 

All minerals except 
oil. 

P. L. 

(Renewal). 

409-2 

7 th Septem- 
l>er 1985. 

Bo. 

Bo. . 

(?16) Mr. 0. Soo Bon . 

Wolfram . , 

P. L. 

(Renewal). 

275-2 

Bo. 

Bo. 

Bo. . 

(317) Mr.H.G.Gregaoij 

Tin and wolfram , 

P. L. 

(Renewal). 

140-8 

28th April 
1935. 

Bo. 

Bo, . 

(31H)G.SawPe. 

All inlnerabi except 
oil. 

P.L. 

(Renewal). 

704-0 

10th Septem* 
her 1935. 

Bo. 

Bo. . 

(319) Mr. G. A. Tudeo 

, Do. 

P. L. 

(Renewal). 

1,280-0 

18tli August 
1986. 

Bo. 

Thaton. 

i 

(320) Mr. T. M. Khan 

1 

All minerals except 
oil and tin. 

P.L. 

1,280-0 j 

9th October i 
1935. 

Bo. 


1\ L.-?rwi>«!«rt|7 Ucmn. 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence¬ 
ment. 

Term 

Thaton 

(321) Mr. W. 11. 8mlth 

All minerals except 
oil, tin and wol‘ 
Irani. 

P. L. 

(Renewal). 

4800 

Olh March 1035 

1 year. 

Do. 

(322) Daw Uuln ACya 

All inincralii except 
tin, oil and natural 
«as. 

P. L. 

(Renewal). 

320 0 

22nd Novem- 
hcr 1935. 

Do. 

Thayctinyo . 

(323) Messrs. The Dur- 
inah Oil Co., Ltd. 

JSatural petroleum 
(including natural 

(?aa). 

P. L. 

1,98 4-0 

10th .Novcni- 
ber 1034. 

2 years. 

Do. 

(324) Messrs. Tne ludo* 
Burma Petroleum Co., 
Ltd. 

Do. 

P. L. 

3200 

9th February 
1935. 

Do. 

1)0. 

(325) Messrs. The Bur- 
mail Oil Co., Ltd. 

Do. 

P, L. 

2,457*0 

30ih June 

]93r>. 

1 year. 

Do. 

(320) Mr. W. It. Smith 

Do. 

1*. L. 

10H8 

16th August 
1934. 

Do. 

Do. 

(327) .Messrs, ’J‘h<‘ Bur- 
luah OH Co., Ltd. 

Do. 

P. L 

(Rcneival). 

1,7S0 0 

7 th January 
1935. 

Do. 

Do. 

(82h) Do. 

Do. 

P L. 

(ileiitwal). 

2,240 0 

23rfl March 
1935. 

Do. 

Touhroo 

(329) .Saw Miuin){ I'o . 

(odd 

P. L. 

0,018 0 

2l3t January 
1935. 

Do. 

Do. 

(33U) U Han Dun 

Do . . , 

P. L. 

900 0 

14 th Decem¬ 
ber 1935. 

Do. 

Upper Chuui- 
win. 

(331) .MeS'jrs. The Indo- 
Burnia Petroleum C5o., 
1/td. 

Natiirai ]>utroleuiu i 
(including natural 
gtw). 

P. L. 

040 0 

Oili October 
1934. 

2 years. 

Do. 

(332) MiMwrs. Fair- 

weather BIchards 
(!o., Ltd. 

(Xiai 

P. L. 

704 0 1 

11th March 
1935. 

1 jvar. 

Do. 

(333) Messrs. The 1 lido- 
Bunuji Petroleum (X), 
Ltd. 

Natural petroleum 
(including natural 
gas). 

P L. 

1,280 0 i 

2nd August 
1935 

2 years. 

Do. 

(334) Do. 

Do. 

P. L. 

(Reucw'al). 

1,410-0 

17th March 
1935. 

1 year. 

Do. 

(835) .Messrs. The Bur- 
mali Oil Oo., Ltd. 

Do. 

P. L 

(Renewal), 

8,320-0 

25th June 1935. 

Do. 

Yamcthlu 

(330) Mr. Saw Lein Lee 

All minerals except 
oil. i 

P.L. . 

1.600-0 

13 th May 

1935, 

Do. 

Do. 

(337) U. K. Oyi . 

Tin and allied mine¬ 
rals. 

P. L. 

960-0 

30th August 
1935. 

Do. 

Do. 

(338) Mr.C.HockShciu 

All minerals except 
oU. 

P. L. 

840-0 

11th January 
1935. 

Do. 

Do. 

(889) Mr. J. W. Ryan 

All minerals except 
precious stones. 

P. L. 

1.152-0 

10th August 
1935 

Do. 

Do. 

(840) Mr. Ah Ton 

AU inlneralfl except 
oil and tin. 

P. L. 

640-0 

27th January 
1936. 

Do. 

Do. 

(341) Mr. A. Gasper . 

All minerals except 
tin. 

P. L, 

1,013-6 

12th January 
1036. j 

1)0. 


P. L,^^Pro9pectiHg Liettut, 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence¬ 
ment. 

Term. 

Yamethin . 

(842) Mr.SyedEbiahim 

All minerals except 
mineral oil. 

P.L. 

640 0 

ISthPebroary 

1035. 

1 year. 

Do. 

(848) Mr. W. H. Heard 
White. 

All minerals except 
tin. 

P.l. 

1,280 0 

14th February 
1985. 

Do. 

Do. 

(844) Mr. L. K. Ngaw 

Do. 

. 

P.L. 

1,280 0 

2nd May 1085. 

Do. 

Do. 

(846) Do. 

All minerals except 
tin and oU. 

P.L. 

640-0 

Do. 

Do. 

Do. 

(346) Mr. W. H. Heard 
White. 

All minerals except 
oil. 

P.L. 

1,844-0 

10th January 
1086. 

Do. 

Do* 

(847) Mr. D. Snaddcn 

Do. 


P.L. 

1,280-0 

8th January 
1085. 

Do, 

Do. 

(848) Do. 

Do. 


P.L. 

640-0 

15th January 
1086. 

Do. 

Do. . 

(349) Do. 

Do. 


P. I.. 

1,280-0 

14th Fell- 

riiary 1085. 

Do. 

Do. 

(360) U. Maimg Gye^ 

Do. 


P. J-. 

627-2 

18th August 
1935. 

Do. 

Do. . 

(361) Mr. W. H. Heard 
White. 

Do. 


P.L 

64 0 0 

81st May 1035, 

Do. 

Do. 

(352) Mr. 1) Smidden 

Do. 


i‘. 1.. 

640-0 

iOth April 
108.'). 

Do. 

Do 

(353) Mr. D. Glwli . 

Do. 


1’. 1.. 

l.2«0-0 

8r<l July 1035. 

IHk 

Do, 

(864) l>o. 

i>o. 


P I., 

1.036 8 

loth Sepb-m- 

bei 1935. 

r>o 

Do. 

(3.66) Mr L V Chjiut 
Chin. 

Do. 


P I-. 

1,880 1 

17tli Sepicin- 
her 1035. 

Do. 

ih>. 

(3.66) Mr. B. Ghosh . 

!>*►. 


r. L 

1.610-4 

18th October 
1035. 

Du. 

Do 

(367) Mi. D. H>i.'idd*'ii 

Do. 


P. L. 

.;20 0 

12th Novem- 
ber 1035 

Do. 

Do, 

(3.6S) Mr, 8 Kbrahini . 

Do. 


p. 1.. 

J.2H) 0 

ist August 
1035. 

Do 

Do. 

(369) Mr. S, B. Bauerji 

Do. 


f. J,. 

1,280-0 

Util Juue lOoO, 

Do, 

J)o. 

(360) U. Maung Gyee . 

Do 


p. I.. 

640 0 

20th J ttne 

1035. 

iio. 

Do. 

(8I>1) Mr. Saw J.cln Lee 

Do. 


1’. L. 

480-0 

lOUi August 
1085. 

Do. 

Do. 

(362) Mr. It. H. U. 
Abdulla. 

All miiieraih 
oil and till. 

‘Xwpt 

P. L. 

1,606-0 

80th Novem¬ 
ber 1085. 

Do. 

Do, 

(36.3) Mr. Hajn. Abdul 
Malik. 

Do 


P. h. 

320-0 

18th Novem¬ 
ber 1085. 

I»o. 

Do. 

(364) Mr, 1., K. Xgaw 

Wolfram 


P. i. 

281-6 

18th Decem¬ 
ber 1085. 

Do. 

J)o. 

(366) J)«» 

IK«. 

1 

P. i.. 

H;m-4 

1 

i7tii May 

1085. 

• ►o. 


L. ^ Pmpcct%ng lioenw. 
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Nature 

Area 

Date of 


District. 

Grantee. 

Mineral. 

of 

in 

commence- 

Term. 



grant. 

acres. 

ment. 


BalaghAt 

(S6fl} Eal liahudur Seth 

Manganesc-ore 

M. L. 

•* 

303 

15th February 

30 years. 

Gowardliandas of 

Tamtiar. 




1986. 



1)0. 

(867) Do. 

Do. 

M.L. 

69 

21st January 

Do. 



m 



1985. 


1)0. 

(868) Messrs It. 1>. 

Do. 

M.L. 

20 

2nd August 

5 years. 


Byramli and Com¬ 
pany, Eagpur. 




1934. 

Do. 

(369) Mr. Amritlal P. 

Do. 

M. L. 

46 

7th February 

Do. 


Trlvedl, Baloghat. 




1936. 


Do. 

(870) BalBoluidurBeth 

Do. 

M, L. 

426 

1st April 1935. 

30 years. 


Oov'ardhAndae of 

Tumsar. 






Do. 

(371) Messrs. IJ. P. 

Do. 

M L 

67 

17th AprU 

5 yean. 


Byramil and Com¬ 
pany, Nagpur. 




1985. 

Do. 

(872) Kai Ikdtadiir 8rth 

Do. 

M L. 

83 

29th April 

80 years. 


Gowardliandns of 

Tuiowtr 




1935. 


Do. 

(378) Do 

Do. 

M. L. 

71 

18th May 

Do. 






1935. 


Do 

(374) Do 

\Hr 

M. D 

69 

28th AprU 

Do. 






1935. 


Do. 

(37J>) Do 

Do 

M 1, 

83 

IstMay 1935. 

Do. 

Do 

(376) D<* 

Dm . , j 

M 1. 

69 

Do, 

10 years. 

l»o 

(377) Do 

Do 

M 1, 

15 

Do. 

Do. 

l»0. 

(378) .Air Anintliil 1’ 

Dm 

M 1, 

44 

Ist October 

80 years 


Tiivf'di Hwlnglifll 




1935. 

Dt> 

(379) Do 

l>M . . 1 

M. D 

21 

19tii June 

5 years. 

j 





1935. 

Dn 

(380) Rui Bahadur 

»»M 

M \, 

64 

13th Oclober 

30 


Gowardhandav of 

Tuwisar 




1935. 


D<t 

(.881) Dm 

i»o 

M. h 

268 

29th October 

Do 





1935. 


1)0 

(382) Messrs K. P. 

Dti. 

M. 1 

134 

24th April 

2i years. 


Byramil and Com¬ 
pany, Nagpur. 




1935. 

Do. 

(888) Mr. M. B. Marfa- 

Do. , . 1 

P.i. 

86 

25th May 

1 year. 


tla, Balaghat. 




1936, 

Do. 

(884) Messrs. Oke Bro¬ 

Do. 

P.L. 

160 

6th July 1936. 

Do. 


thers of Nagpur. 





Do. 

(885) Eai Bahadur Hetb 

Do. 

P. 1. 

6 

Do. 

Do. 

Do. 

Uowardhaadas of 

Tunw»r. 






(386) Do 

Do. 

P.D 

34 

18th July 

Do 





1 

1935. 


Do. 

(887) Mr. Shamji Na- 
ranji of BamteK 

Do 

V. 1. 

87 

8th August 

Do. 





1935. 



I*, /.iwiw. M, h, ^Mining Leate^ 
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Nature 

Area 

Date of 


Pistricl. 

Grantee. 


Mineral. 

of 

in 

commence- 

Term. 




grant. 

acrea. 

ment. 


BotiU . 

(388) Mr. llaufiidhar 

Coal 


P. L. 

215 

18th January 

1 year. 

Kainniwat) Uornka of 
Uaj?pur. 





1985. 



Do. . 

(389) Do. 

* 

Do. 

» • • 

P. L. 

185 

SOth Novein- 

Do. 



* 


ber 1985. 


Bhandara 

(390) The Alliauco Mi- 

China clay 

Q.L. 

151 

5th April 1935 

10 yeut'K. 

lUTttlfl (Jompauy, Li- 
iiutod, Knni5)te(‘. 








Bilasinir 

(391) Mr. Asaram, 

Clay 


Q. J.. 

1 

2.5th April 

6 years. 

Mahar of Magarpara, 
Bilaspur. 





1935. 



Do, 

(392) Mr. Fakirclmud 

Linn stone 

Q. L 

4 

21th July 

Do, 


Ghai of (iondpara, 
Bilaspnr. 





1935. 


Do. 

(;i93) Mr. Tiilsiram, Hon 

Clay 


Q. L. 

* 1 

15th January 

10 yt arh. 


of Domuji, Mahal' of 
Magarpara, DUaapur. 





193.5. 


Du. 

(394) xMr. Jairam Valji 
of i{.iigHrh. 

Limestone 

P. L. 

21 

13th July 

1035. 

I y< ar, 

Do. 

(395) The Agent, Ih'ii- 

Clay 

. 

Q.L. 

8 

Dlth Novem- 

y an. 


gal J^agpur Rallwaj 
Company, Llmitc'd. 




l>ei 1935. 



Chauda • 

(396) Mi. M. D'Coata, 

Coal 


P. L. 

.847 

30th Novem- 

1 year. 


Nagpur. 





ber 1934 

Do. 

(897) Do 

Do. 


P. L. 

1 121 

Du. 

Do. 

Do. 

(898) Kui Bahadur 

Do. 


P. L. 

433 

28th J.muarj 

Do. 


Mathura Prasad, 

Managing Director, 
Jamal Majri Coal 
Company, Chhind- 





1935. 



wara. 







1)0. 

(39U) Messrs. A. 11. 

Do. 


P. L. 

76 

6th Novtm- 

Do. 


Vaeudeo Hao and 
Brothers of Nagi)ur. 





her 1935. 


Do. 

(40U) Sir M. B. Dnda- 

Do. 


Supplemen¬ 

69 

loth IK'ceiu- 

lt> years 


bhoy, K.C.LB , X.C. 
S.I. of Nagpur. 



tary M, L. 


ber 1935. 


Chhiii(h\aru , 

(401) The Amalgaiim- 

Do. 


Supplemen¬ 

3 

2iul October 

14 yeaii. 


ted Coal Fields, Ltd., 
Parusia. 



tary M, L. 


1935. 


Do. 

(402) Do. 

i)0. 


Supplemen¬ 

2 

18th Novem¬ 

Do. 





tary M. L. 


ber 1985. 


Do. 

(408) Seth Bansidhar 

Do. 

% * n 

M. L. 

267 

I9th Novem¬ 

36 years. 


Kamniwas Uoeuka of 
Nagpur. 




ber 1985. 



Do. • 

(404) Do. 

Do. 

« * • 

P. L. 

66 

29th January 

1 year. 







1935. 

Do. 

(405) Mi'.Syed Jamalol 
Jamal. 

Do. 

• • • 

P. L. 

203 

Do, 

Do. 

Do. 

(406) Col. A. W. Darby, 
O.B.E., of Chhind- 

Do. 

. . . 

P.L. 

288 

27tb February 
1985. 

Do. 


vrara. 







r. t.-Proipaiing Ucam. Jt. Mining Um. Q. lj.>iQ<N»rv Xmm. 
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rj ran Ice. 

! 

Mlneial. j 

1 

Nature 

of 

grant. 

Ar.a 

in 

airci-. 

l)ate 01 
comnienee- 
nient. 

'Jot III. 


(407) Mr S>fd Jrtuialof 
Jnioui. 

(;oal . . . 

P. L. 

2«fi 

JOtb M.'ir^*h 
1936. 

J year. 

3)0 

(408) T3u' lllnlapaih 
Colllc!lcf<, JJmlted, 
(Jlioi'fiwari. 

Do. 

I*. 1-. 

m 

Do 

1)0. 

3)0 

(400) Do. 

Do. 

P. L 

471) 

Do. 

1)0. 

3)(». 

(410) Do 

Do . . . 

P. L 

262 

Do. 

Do. 

1)0. 

« 

(411) Mr. IN ^^l»orul»^n(/!l 
Kial. 

Do. 

P. D. 

90.3 

2Dt Mareli 
193:. 

Do. 

3)0. 

(412) Newton (.'hikhll 
(’olllerles, Llnuf' d. 

3)0. 

P. T 

m 

2ik} March 

]93r.. 

Do. 

Do 

(413) Mr. M D’CoHtaof 
NttKinir. 

ManpnnofM* 

P. I. 

80 

ITjth April 

Dri.') 

Do. 

\)o 

(414) 1)0 

Do 

P. T.. 

34 

Do 

Do. 

Do 

(4If.) Mr 8, Kaiiniab 
X«ldn of Nagpur. 

Do. 

V I 

82 

20th .June 

1936. 

Do. 

Di) 

(41 C) Haji H>«d Zabir* 
nd'din of (’hliiiid- 
\\ am . 

Coal 

P J.. 

141 

3r(l July 193.6. 

Do 

Do 

(417) The Out rill Pro- 
t’ontraefing 
and Minliig 8judl(a(c 
of Nbkihh 

Du 

P J.. 

.'.24 

■JIhI July 

19.3.6 

I)o. 

3H. j 

(tJ8) Do 

Do. 

P 3. 

140 

3rrl August 

1936. 

Do 

Do 

(410) Mr JN*ihoi>i'‘titgh 

Du. 

1 

P 1. 

1 (iS 

Dm 

Do 

1)0 

(420^ P.iiulit Sbankcilal 
ol .lainui 

Do. 

IM. 

r.o 

1 lOtii Augi t 
19.36 

Do. 

Do. 

(421) Dhauji 

Deoji niwl .sona ol 
Juiinordeo 

Do 

P. I.. 

'•1 

J)*). 

Do. 

\)iK 

(422) Mr iN'Kbor.iKinfrlj 
Sial. 

3>o. 

P J. 

.V) 

9th Dctolwr 
1936 

Do. 

Do. 

(423) Misarh. S. 11. 
0]bn «iul Tompany. 

Do. 

P h. 

303 

16th Deiriii* 
her 193.6 

Do. 

Do 

(421) Do 

Do. 

P L. 

.184 

Do. 

Do. 

Do. 

(42f») MeH-HKi. Mangal- 
hiiigl) lahwaralugli 

Hanspal of Hirda- 
gMh. 

Do. 

1* L 

202 

21 "t Drei Tu¬ 
la r 19.3.6 

Do 

Dnifr 

(42«> Mr. Kallkn Pra- 
aad Choube 

Do. 

Q 1. 


27th .l.'uuiarv 
19.36 

3 y(‘!ir« 

Uoslittiipubfld 

(427) Mia^ra. Mtida 

J«adha and Hona. 
Bagra 

(428) Pandit Clmkorilal 
Pathak of Katnl. 

Clay 

l\ 1 

n 

12th July 

1935. 

1 year 


Bauxite . * 

M. L. 

14 

j 30th MaN 1986. 

( 

10 )ear.-?. 

Do. 

(42t)) Mr.M.l'.Maeedo 
of Delhi. 

Umratone 

Q. ].. 

i 

1 jltli April 

i 1936. 

! 

Do. 


T. L.^^Pmpeetin^ licmu* 


H. Mining Lease. 


Q, h.^^ij^mrry Leasf, 
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Nature 

Area 

Date of 

1 - 

District. 

Grantee. 

Minei'al. 

of 

lu 

coraineiieo- 

Term. 



grant. 

acres. 

inent 


Jiilibulpore . 

(430) Messre. Qhatak 

Jilmestone 

Q.L 

20 

Both Aprl 

10 } ears. 

Drothcrs of Katnl. 




1085. 


J)(>. 

(431) Mr. Sarju Prwad 

Do. 

P. L. 

21 

27 th August 

1 year. 


Gour of Katni. 




1085. 


1)0 

(432) Mr. Jagmoban- 

Clay 

Q. L. 

1 

Itlth August 

10 years 


siDgh, Contractor of 
JubbaIiM)re. 

liinuistoiic 

Q. J-. 


1035. 


l»i>. 

(438) Mr. 0. H. Cook . 

4 

Sid January 

J>0. 





1985. 


1)(». 

(484) Jukehl Liuif Syn- 

Do. 

Q. L. 

.*{ 

2nd August 

Do. 


dicatc of Katnl. 




1935. 


lh>. 

(485) Mr. Ramchandra 

Do. 

Q.L 

3 

nth October 

Do. 


Gour, Katnl. 




198.5. 


J)o. 

(486) Seth Laxmandan 

Do 

Q. K. 

S 

121b Si'pfein- 

Do. 


of Katnl. 




her 1935. 


Do. , 

(487) Mr. T. C. Bajnn 
&, to., Katnl. 

Do 

Q. L. 

3 

loth Septein- 
l)er 1035. 

Do. 

Do. 

(438) Mr. G. H. Cook . 

Do. 

Q.L. 

t> 

27tli Septein- 

Do 





ber 1035. 


Do 

(480) Mr. Snkhdeo 

Do. 

Q.L 

3 

K'th .\pril 

Do, 


Prasad, Katnl. 




10.85 


Do. 

(440) Measra. Bum dr 

(lay 

P. I. 

86 

6th April 1035 

1 yeiir. 


Co., Jiibbnljiore. 




Do. 

(441) The Central Pio- j 

Limestoite 

P.T 

507 

18th October 

Do 


Vinces Cement Com¬ 
pany, Ltd., Jubbul- 




iba.K 


Do. 

(442) Pandit ChakorlUvl 
Patbak of Murwara. 

Soapstone 

P. I.. 

73 

23rd Mari'h 

J your. 





19.85 

Do 

(448) Seth Gangadbar 

I'ireclay, chalk, red 

1*. I.. 

70 

2nd Juno J03.5 

Do. 


Ramesbwardass of 

and yellow ochre 





Katnl 

and iron oxide. 





Do. 

(444) Mr. KanjecDhaii- 

Clay 

P. C. 

9 

20tli No\en». 

Do 


jee of Katnl. 




tier 1985 


Do. , 

(445) Mr. Snchltalngh 
of Jubbulpore. 

Soapstone 

P. L. 

8 

25th February 
1985. 

Do. 

Do. 

(446) Do. 

Do, 

P. L. 

4 

Do. 

Do 

Do. 

(447) Mr.G.H.Cookof 

Limestone 

Q. b 

r, 

17th Septem¬ 

10 years. 


Katnl. 




ber 3935. 

NttRi^ur 

(448) Mr. Shamji Na- 

Manganese-ore 

P. L 

71) 

10th Janumy 

1 year. 


ranjl of Eanitek. 




1935. 

Do. 

(449) Mr. Ganpatrao 

Do. 

P.L. 

88 

80th Mareh 

Do. 


Laxmanrao of Nag¬ 
pur. 




1986. 


Do 

(450) Mr.MarotlTataJi 
Oadghate of Nagpur. 

Clav 

P. L. 

0 

15th July J086i 

Do. 

Do. 

(451) Mr. Shamjl Na- 

Manganeso-orc 

P. L. 

102 

12tb Septem* 

Do. 


ranjl of Hamtek. 


1 


her 1086. 

Do. 

(452) Do. 

Do. . . I 

P. L. . 1 

1 

14 

Do. . 

Do. 


f. j4.^Pn>tpeeHng Liemt. 


Q. L,<^Quarrif 





Past 3.] 


Hebon : Mineral Produaion, 1936. 
CENTEAL PROVINCES-concJrf. 


311 


Dfctrict. 

Grantee. 

Mincrai. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
comnience- 
nieut. 

Term. 

N'a>?i)ur 

(453) Mr. Laxman 

Dainodar Dele ol 
Nagi)ur. 

Mangane?'- 

V h 

275 

23rd Septem¬ 
ber 1985. 

1 year. 

J>o. 

(464) Mr, RUamji Na- 
ranjl of Jiamtok. 

Do. 

P. L. 

ill 

22nd Novem¬ 
ber 1936. 

Do. 

1)0. 

(455) Wadgoo Miatry 
of Karnptcu. 

Clay 

Q.L. 

3 

Ist March 

1985. 

6 years. 

Do. 

(456) The Central Pot¬ 
teries, Limited, Nag¬ 
pur. 

Pottery clay . 

Q.L. 

5 

29th May 1936. 

10 years. 

Do. 

(457) The Central Pro¬ 
vinces C(jntracting 
and Mining Syndi¬ 
cate. 

Mangarn^se-ore 

M L. 

111) 

26th April 
1935. 

5 years. 

1)0. 

(458) Seth Mauhraj 

Coltiha of Nagpur. 

Lluieahme 

Q. L. 

9 

7 th October 
1935. 

Do. 

Do. 

(459) The Central Pro- 
vinccH Contracting 
and Milling Syndicate, 
Nagpnr. 

Mangane«e-or<‘ 

M. L 

93 

Ist July 1935. 

Do 

Uaipur 

(460) Mr, rshwardiw, 
Llaipur. 

Clay 

P. L. 

13 

Ist .lanuary 
1985. 

1 year. 

Do. 

(461) Mi. Klkhiram, 
Contractor, llaipur. 

Flooring stones 

Q L. 

6 

6th March 
193.5 

6 years. 

D). 

(462) Mr, Wallaramat 
Contractor, llaipur 

Cla) 

Q. L. 

19 

21 at Decem¬ 
ber 1084. 

Do. 

Df». 

(463) Messif(.S.(;. Bose 
and Company, Bal- 

Do 

D 1 

19 

31 Rt .lami.Ary 
1935. 

10 years. 

D(». 

(464) Mr. tlancsli Pni- 
KAd Ag.Hrwal. Contrar- 
tor. Tlaipiir. 

Building stimc'* 

Q L. 

3 

2ncl April 1935. 

Do. 

Do. 

(46.5) Sheikh Ka».s:Hn, 
Coutraetor, Nagpur, 

Flooring stones 

Q 1 

11 

30th Augt«'*t 
1935 

Do. 

Do. 

(166) Mr. DninjiSheojI, 
Contractor, llaipur. 

Do 

Q f 

29 

16th Septem¬ 
ber 1935. 

Do. 

y«'otrnal 

(467) Mr. Sheikh 

Kaaaam, Nairpur. 

T.uneKfoiie 

I* lu 

76 

13th August 
1985. 

1 voar 

Do. 

(468) Mr. Canpatrno 
Laxnianrao, Nagpur. 

Do 

P. L. 

69 

17th .Tannury 
1935. 

Do. 

Do, 

(469) Mr. T. Z. Tha- 
knre, llaipur. 

Do, 

P. L. 

14 

13th February 
1935. 

Do. 

Do. 

(470) Mr.F.X.Ilebdlo, 
Nagpur. 

Do. 

P. L. 

99 

6ih March 

1986. 

1)0. 

Do. 

(471) Mr. (^anpatrao 
Laxraanrao, Nagi>ur. 

Do. 

Q L. 

14 

13 th February 
1935. 

10 years. 

Do. 

(472) Mr. M. D’Costn, 
Nagpur. 

Do. 

Q. L. 

11 

15th Febniarv 
1935. 

Do, 

Do. 

(478) Do. 

Do. 

Q.L. 

6 

16th .Tuly 

1986. 

Do. 

Do. 

(474) Do. 

Do. 

Q.L. 

3 

Do. 

Do. 

Do. 

(476) Mr.F.X.Tlebello, 
Nagpur. 

Do. 

Q.L. 

4 

9tli April 1935, 

, Do. 


‘L.^Protpteli'ng Uemw, 


M. J*.«»Af<n<nj7 Xfaw. 


Q. L.«»Q«arr]v leoie. 
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District. 

(Irantec. 

Miuorai. 


Q 

n 

m 

Anantapur . 

(476) Mr. 8. S. Ouzdar 

Barytes . 

r.i,. .{ 

8-00 

14-40 

Mst Septem- 
J her 1935. 

1 year. 

Do. 

(477) Do. 

Do. . . . 

P. L. 

27-41 

16th March 
1035. 

Do. 

Do 

(478) Mr. T Da.saratlia- 
ranti llrddl. 

Do. . 

M. h. 

63-22 

2l8t Septem¬ 
ber 1936. 

30 years. 

Do. 

(470) Tlie Indian Minos 
Dpvolopinonl Syndi¬ 
cate. Limited, London 

(^oid . 


l,20;b70 

6,268-70 

Usth Ko^ein- 
J h(»r 1036. 

1 year. 

Do. 

(48(1) Mr. Vishnu 

Nimkar. 

Barytes . 

P, L. 

7 70 

28th May 

1936. 

Do. 

Do. 

(481) Mr. T. Vonkaliah 

Steatite . 

P. L. 

7-70 

4th June 1935. 

Do. 

Do. 

(482) Mr. Buliadur 
Ji P. Sesha D(ddl 

Do. . 


8.38-80 

253-88 

1-14 Septem- 
J her 19.35. 

Do. 

Dellary 

(480) Khan Sahlh K. 
Altdiil Ilye Sahih. 

Manganese 

r. ].. 

227-00 

17th June 

393.'). 

Do. 

Do. 

(481) Mr. J T>asarntha- 
rami Pod(11 

Bed oxid( and red 
oeiire 

P. L. 

H5-00 

15th Jul> 1935. 

Do. 


(485) Mr. S. S Guzdar 

Asbestos 

]*, L. 

45-25 

25tli March 
1936. 

Do. 

Do. 

(486) Mr. K. Bala- 
laishna Nayudu 

Alunilnluni silieato 

1’. L. 

14 00 

25til January 
193.5. 

Do. 

Do. 

(487) Mr. 0. Muna- 
valam. 

Asbestos 

?. L. 

J20 97 

24 th June 

193,5. 

Do. 

Do 

(488) Mr. Karayanadafi 
Glridlmrdas. 

Lead, copper, silver 
and zinc. 

P, L. 

236 00 

23rd October 
1935. 

Do. 

Do. 

(489) Do. 

Asbestos 

P. 

,514-76 

Do. 

Do. 

Do. 

(400) Mr Mayana 

Hussain Khan. 

Do. , . . 

P. L. 

8 54 

noth May 1935. 

I 

Do. 

Do. 

(491) Mr. A. Kriali- 
unppa. 

Do. . 

P. L. 

1 

20-80 

1 5tb .lune 1935. 

Do. 

Do. 

(492) Mr. S. S. Ouzdar 

Barytes 

M. L. 

30-15 

Ist July 1935. 

20 years. 

Do. 

(493) Do. 

Do, . 

P. L. 

8-73 

nth Novem¬ 
ber 1984. 

1 year. 

Do. 

(494) Do. 

Do. . 

P. L. 

9-20 

15 th Decem¬ 
ber 1034. 

Do. 

Do. 

(49.5) Mr. C, C 01),ayya 
Cht’tU. 

Do. . 

P. L. 

80-57 

26th June 

1935. 

Do. 

Do. 

(496) Mr. Narayanadas 
GlrldhardiiS. 

Sliver, lead, copper, 
zinc and antimony. 

P. L. 

102 10 

29th May 1936 

Do. 

Do. 

(197) Mr, C 0. 01)ayya 
Chi'tii 

Barytes . 

P. I.. 

12-22 

20th Juno 
1985. 

Do. 

P 

, h.*»ProspecH7ig lAteme, 



M. 1j ^Mining Lem, 
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District. 

Grantee 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
commence¬ 
ment. 

Term. 

Cuddapnh 

(498) Mr. C. C. ( byya 
Chettl. 

Barytes . 

P. L. 


38-50 

29th August 
1936. 

1 year. 

Do. 

(490) Do. 

Do. . 

M.L. 


41-00 

1st July 1935. 

30 years. 

Do. 

(500) ]Mr. Paul Ignatius 

Do. . . . 

P. L. 


6-00 

4th Decem¬ 
ber 1036. 

1 year. 

Do. 

(601) Mr. S. S. Guzdar 

Do. . 

M.L. 


202-45 

Ist Septem¬ 
ber 1935. 

25 years. 

Do. 

(602) Mr. Narayanadas 
Girldhardas. 

iSllv<‘r, lead, copper, 
zinc and antimony. 

P. L. 


.344-87 

30th July 193.5. 

1 year. 

Do. 

(602) Mr. S. S. Guzdar 

Barytes . 

P.L. 


4-07 

16th August 
1935. 

Do. 

1)0. 

(604) Do. 

Asbestos 

M.L. 


54-30 

Ist Septem¬ 
ber 1936. 

30 years. 

Do, 

(606) Mr. C. 0. Obnyya 
Chetti. 

Barytes . 

P.L. 


30-40 

23rd August 
1935. 

1 year. 

Do. 

(606) Mr. S. S. Guzdar 

Do. . 

P. L. 

• 

30-61 

31st July 

1935. 

Do. 

Do. 

(607) Do. 

Do. . 

P. L. 


80 60 

2nd June 

1936. 

Do. 

Do. 

(608) Mr. (\ C, Obayya 
Chetti. 

Steatite 

P.L 


2100 

27th June 

1935. 

Do. 

Do. . i 

(509) Mr. S. S. Guzdar 

Barytes . 

P.L. 


41-12 

19th July 

1935. 

Do. 

Do. 

(610) Mr. Paul Ignl- 
tiUB. 

Do. . 

P. L. 


2-95 

7 th August 

1935. 

Do. 

Do. 

(511) Mr. a. a. Guzdar 

Do, . 

P.L. 


84-50 

22nd July 

1935, 

Do. 

Guntur 

(612) Mr. r. Vet rlah . 

Diamond 

P. L. 


50-00 

81st Decem¬ 
ber 1935. 

Do. 

Kurnool 

(618) The C. P. Cement 
Company, Limited, 
Bombay. 

Limestone 

M.L. 


3,579-81 

17th January 
1985. 

80 years. 

1 » 0 . 

(514) Mr. B. P. Sesha 
Beddi. 

Barytes . 

P. L. 


3-50 

14th January 
1935. 

1 year. 

Do. 

(516) Do. 

Do. . 

P.L. 


56-80 

Do. 

Do. 

Do. 

(516) Mr. ll. y. Nari¬ 
man. 

Do. . 

P. L. 


32-10 

30th January 
1936. 

Do. 

Do. 

(517) Mr.ManjiBaihar 

Do. . 

P. L. 


47-20 

3rd May 1935. 

Do. 

Do. 

(518) Mr. a. a. Guzdar 

*Do. . 

P. L. 


8-50 

29th Mity 

1935. 

Do. 

Do. 

(519) Mr. Thandu 

Venkatlab. 

Do. . 

P.L 


26-.50 

29th July 1936. 

Do. 

Do. 

(620) Mr. ABhrufl 

Hussain Khan Sahib 
Mandozto. 

Do. . 

M. L. 


23-70 

2nd May 1936. 

6 years. 


P. t,^Pro$peiiing Lieem. 

M. 

L.-Mining Uau. 
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District. 




Area 

in 

atTC.R. 

i>atc of 
commonco* 
nicnt. 

Term, 

Knrnool 

(521) Mr. Manji Bacliar 

Barytca 

P. L. 


3-00 

2nd February 
1935. 

1 year. 

Do. 

(522) Mr. D, P. Si aha 
Deddi. 

btcatito . 

P. L. 


1230 

25111 May 

1936 

Do. 

Do. 

(523) Mr. ManjiBachar 

Barvt( s . 

P. 1.. 


8-25 

2nd Febniarv 
1935, 

Do 

Do. 

(524) Do. 

Do. 

V. L. 


9 56 

Do. 

Do 

Do 

(525) Mr. Narayanadas 
Dii’idhardaB. 

Do. . 

P. B. 


5900 

0th OcUibcr 
1934. 

Do. 

Do. 

(520) Mr. B. L‘. Scsha 
Eeddl. 

SIcaiiU* . 

M B. 


24 dU 

20tb June 

1935 

10 years. 

Do. 

(627) Mr S. S (luzdar 

BarytfK . 

P. I, 


I30<00 

7th Scptciii- 
bir 1935. 

1 year 

Do 

(528) Do. 

Do. 

P. L 


46-00 

Do 

Do. 

Do. 

(529) Mr. Narayanadas 
Glridliardas. 

Mllvvr, load and zinc 

P L 


21-00 

7th Dccembci 
1934. 

Do. 

Do 

(530) Mr, 8 8 Oiizdar 

Barytes . 

P. h. 


19*00 

31st Aiwiisl 
1935 

Do 

Do. 

(531) Mr. 8. ]\ llanya 
E.an. 

Asl>c8to4 

P. h 


28 tl9 

9th July 1(*35. 

Do 

Do. 

(532) Mr. B. 1*. Hesha 
llcddl. 

Barvlcs . 

P. L 


30-00 

Ist 8c|>tt‘in- 
l)(-r 1935. 

Do. 

Do 

(533) Mr. B. Vdikiita- 
Rwariii Chctti 

Do. . 

V L 


14 50 

17th May l‘H5. 

Do 

Do. 

(534) Mr, Narayanadas 
GiridhordaR. 

Jroii'orc utid man* 

gaiK'Hc. 

P B 


77-00 

11th July 1935. 

Do. 

Do 

(5.)5) Mr. B. B. Si'slm 
lie<jdi. 

Baryt's . 

P B 


14-09 

25lh VuiruHt 
1935. 

Do. 

Ncllorc 

(530) Mr. 8. V. 8iild»a 
llcddi 

Mica 

P B. 


194-51 

20th Maii-h 
1935. 

Do. 

Do. 

(537) Mr. K. Bala- 
krishna Nayiidn. 

Do. 

P B. 


31-00 

Bit May 1935. 

Do. 

Do 

(538) G. Chtnchii SiiBba 
Rcddl. 

Do. 

P. B. 


18 80 

llth M.iy 1935. 

Do, 

Do. 

(539) Mr. K. Vcnka 
8uol)a ttoddi 

D<». 

P. J> 


5-14 

19th J line 

1935. 

Do. 

Do. 

(640) Mr. A. (OiciikmI 
Bao. 

Do. . 

P. B. 


13-84 

I4th Ail«iist 
1935. 

Do. 

Do 

(541) Mr. V. Voukuta 
Hulibayya Nayudu. 

Do. . 

P. B. 


0-05 

25th Septem¬ 
ber 1935. 

Do. 

Do. 

(642) Mr. P. V. Subba 
Kao. 

Dldna clay 

P. B. 


37-14 

Ifiili Au(;;uMt 
1935. 

Do. 

Do. 

(643) Mr Y. Dasaratha- 
rami Kcddi. 

Mica . 

P. B. 


64-00 

IStli October 
1085. 

Do. 


P. lut^’ProdjieiMnff Lieetm. 


M* Lea»e, 
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Dlnirfct. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Dale of 
commenee* 
ment. 

Term. 

NoMore 

(544) Mr. T. Hesha 
Reddi. 

Mica . . . 

P. L. 

49*24 

4th Deeem* 
her 1936. 

1 year. 

iJo. , ; 

1 

(545) Mr. P. Laxml 
Narasa Kcddi. 

Kyanlte . 

M. L. 

4800 

i7th January 
1936. 

30 years. 

1)0. . i 

(54«) Mr. B. Z, Suhba 
liami Reddi. 

Mica 

M. L. 

8-80 

•26th February 
1935. 

10 years. 

hi). 

(547) Mr. A. Ohcngnl 
Rao. 

Do. . . . 

M. L. 

16*85 

i 

8th May 19,35. 

3d years. 

HalPin 

(548) Mr. Narayanadaa 
Glrldhardaa. 

Gold ami silver 

P.L. 

0.1 36 

13th Deeeui* 
her 1035. 

1 year. 

Tinmvolly . 

(540) Mr. Pawl Rnyar . 

Garnet aind . 

M. L. . j 

2*04 

14th Novell!- 
her 1935. 

3 years. 

Trl<‘hliM»])oly . 

(.550) M. Sayyod Ihra- 
him Sahib. 

Phosphatlc ncHlules 
and gypsum. 

M. L. . , 

3,162*57 

M .Tuly 10.3.',. 

2i> years. 


NORTH-WEST FRONTIER PROVINCE. 


Bannu . 

(651) Messrs. The Tndo* 
Burma Petroleum 
Va*., Ltd 

Natural petroleum 
(including natural 
gas). 

P.L. 

(Renewal). 

6,913*6 

i 

3rd Februarv 
193.5, 

1 year. 

Do. . 

(562) Do. 

Do. 

P.L. 

(Renewal). 

3,040*0 1 

3rd .4ng!iHt 
1935. 

Do. 

Do. . 

(553) Do. 

Do. 

P.L. 

605*6 


Do. 

lUnnu Aiul 
Dera Iftinnil 
Khan. 

(554) Messrs. The 

Buruiah Oil (Vi. 
J.td. 

Do. 

P. L. 

(Renewal) 

13,248*0 

2nd S* ptein- 
ber i‘M5 

Do. 

Dorsi iHinaJJ 
Kln^n. 

(565) Messrs. The Indo- 
Burma Petroleum ( 0 , 
LW. 

Mineral oil . 

P. L. 

(Renewal). 

2,905 2 

lOtb Hi‘ptem 
biT 1935. 

Do. 

J>0. . 

(.650) Messrs. The 

Attoek Oil Co., J-td. 

Do. 

P. L. 
(Renewal) 

1500 

20th Novem¬ 
ber 1935. 

Do. 

K'olint . 

(5.57) Messrs. The ludo- 
Burina Petroleum 
(^o„ Ltd. 

Natural petroleum 

P. L. 

3,240 0 

1.5 th Df'eem- 
t>ei 1914. 

Do. 

Do. . 

(538) Do. 

Do. 

P. L. 

2,880 0 

Do. 

Do. 


PUNJAB. 


Atloek 

(669) Messrs. The 

Biirmah Oil Co., Ltd. 

Natural pitroleiim . 

P. L, 

1.680-8 

20th Septem- 
bt-r 1935. 

1 year. 

Do. 

(660) Do. 

Do. 

P. L. 

864*4 1 

Do. 

Do. 

Jiielum 

(561) Lala Ishar Das 
Kapur. 

Coal 

M. L. 

182*4 

22nd February 
1935. 

16 years. 

Do. 

(662) NAtloual (V)al 
Company, ChltUdand. 

Do. 

M. L. 

1 

1.171*0 

•20th Deeein- 
ber 1934. 

1 

20 years. 


»jr ii 
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Qranteo. 

MIcft. 

>Jature 

of 

grant. 

Area 

in 

acrea. 

Date of 
commence* 
tnent. 

Term. 

Jheluin 

(563) Bbai HazuTR Mai, 
Dandot. 

Coal . 

M. L. 

72-6 

lOUi Decem¬ 
ber 1086. 

16 yeara. 

Do. 

(564) Lala Charanjit 
Lai, Wahali. 

Do. 

P.L. 

1,000*0 

15th January 
1085. 

1 year. 

Do. 

(565) Chakwal Brick 
Company, Chakwal 

Do. 

P.L. 

17.S-0 

22nd Feb¬ 

ruary 1036. 

Do. 

Do. 

(666) Do. 

Do. 

P. L. 

6.3*6 

8ih March 
1035. 

Do. 

Do. 

(667) Malik Dowa 

8lngh aiul Song, 
Ahhoiiabad. 

Do. 

P. L. 

00.1-0 

0 th March 

1036. 

Do. 


P. lu^Tmnwlina liceiMe. M. h.’»Miniim Leoie. 


SUMMARY. 


Province. 

1 

Prospecting 

Licenses. 

Mining 

Leases. 

Quarry 

Leases. 

Total for eadi 
Province. 

Ajmer-Merwara. 

15 

6 


20 

Assam. 

6 

5 


11 

Bihar and Orissa. 

8 

14 


22 

Bombay. 

3 

2 

•• 

6 

Burma. 

287 

20 


307 

Central Provinoes. 

66 

24 

31 

no 

Madras. 

62 

18 

•• 

75 

North-West Frontier Province .... 

8 

•* 

•• 

8 

Punjab. 

6 

8 

•• 

0 

Total of each kind and grand total 

450 

86 1 

81 

667 

Total for 1034 . 

876 

57 

40 

482 
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Table 50. —Prospecling Licenses and Mining Leases granted in Ajmer- 
Merwara during the year 1935. 


District. 

1935. 

No. 

Area in 
acres. 

Mineral. 


PBOSFSCTINa Lioibns«s. 


Ajmor .... 

1 

2-74 

Mica and beryl. 

Do. .... 

1 

0-72 

Beryl and felspar. 

Do. 

4 

10*62 

Mica. 

Do. 

1 

1-72 

Mica, felspar, tiuartz and 
Ijoryi-ore. 

Do. 

1 

0*80 

Mica, felspar and (lima clay. 

Do. 

2 

2*64 

Felspar. 

Do. 

2 

1*98 

Mica, felspar and beryl ore. 

Bcawar 

I 

1*66 

Do. 

Do. .... 

2 

8* 16 

Mica. 

Total . 

15 




Mining Leases. 


Ajmor .... 

2 

12*60 

Mica, felspar and leryboiw 

Kalera Bogla Estato 

1 

Whole estate 

Mica. 

Khawas Estate 

1 

Do. 

Mica and beryl-ore. 

Sawar Estate 

1 

Do. 

Do. 

Total . 

5 
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Table 51 . — Pros-pecting lAccnses and Mining Leases granted in Assam 

during the year 1935. 


IMstriot. 

1935. 

No. j 

1 Area in 

1 acres. 

Mineral. 


PltOSP£CTlDO LiCE»8£S. 


LakhiiiiiKir 

4 

6,r>23-5 

Petroloum. 

Sylliol .... 

o 

12,467-2 

Mineral oil. 

Total . 

6 




Mininc 

i Leases. 



2 

1.934-4 

Liniestonc. 

Do. 

] 

1,684-3 

Coal. 

Do. 

1 

1,684-3 

Fireclay. 

Do. 

1 

1,684-3 

China day. 

T(»tal . 

5 




Table -Prospecting Licenses and Mining Leases granted in Bihar 
and Orissa during the year 1935. 


District. 

. 1935. 

No. 

Area in 
acres. 

Mineral, 


rilOSI’BUTlUG LbASE-S. 


iSiii<;hlihuiii . 

7 

5,156-00 

Chromite. 

Do. 

1 

340-00 

Manganese-ore. 

Total 

8 




Mimwo Leases. 


Anguj .... 

J 

594-20 

Red ochre. 

Hazaribagli . 

3 

247-00 

Mica. 

8antal Pargoims 

8 

19-09 

Coal. 

Singhbhuin . 

1 

478-40 

Manganese. 

Do. 

1 

289-28 

Chromite. 

Total . 

14 
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Table 53 . —Prompeeiwg lAcemes and Mining Leases granted in the 
Bombay Presidency dnring the year 1935. 

1935. 


District. 

j. Area ui 

acres. 

Mineral. 

1 

Alimcdahad . 

1 ‘ vspjfic'Ti^(; Lt( *kjs 

1 9,600 

Mineral (nl and ludnial gas. 

Kanara 

1 203 

Maugaiieso-on'. 

Thaiui .... 

1 167 

Bauxite. 

Tot-ai, 

lii(»ach and I^iiu-h Malinls j 

3 

Mininu Li:asks. 

= 1 

j MangaiicHC-orc. 


1 'able 54 . —Prospcciing Licenses and Mining Leaf^es granted in Bvrma 

daring the year 1935. 



1935. 



■ -. 

No. 

Ai-ca in 

Mineral. 



acres. 




Ak.NMh .• 
Amborbt 
Do. 

BJiaJiJo . 

Do. . 
Heiizadtt 

Lowtr Cliindwin 


pHOsi'iscTiNc; Ljrr.NSLb. 

1 Niitural ))etrol<?um. 

A 4.2112 All minerals oxrept oil- 

2 2,400 0 Anlimonj^. 

2 091-2 Oold and platmuni. 

1 61*2 Gold. 

1 633-6 All minerals other than mineral 

oil. 

2 2,342-4 Natural |>otroleum (ineluiling 

natural gas). 
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Table 54. —Prospecting Licenses and Mining Leases granted in Burma 
during the year 1935 —contd. 


District. 


No. 


Area in 
acres. 


1935. 


Mineral. 


PaospfiOTiNG Lioxnsbs— tonJtd, 


Magwe . 

• 

• 

• 

1 

72*9 

Natural petroleum (including 
natural gas). 

Meiktila 




1 

985*6 

Antimony. 

Mergui • 




28 

8,569*6 

Tin and allied minerals. 

Do. . 




44 

16,872*0 

Tin. 

Do. 



# 

21 

9,964*8 

Tin and wolfram. 

Do. , 



9 

4 

1,561*6 

Tin, wolfram and other allied 
minerals. 

Do. . 




3 

1,663*0 

All minerals other than oil. 

Do. . 




1 

403*2 

Tin and all other minerals. 

Do. . 




7 

2,784*0 

Wolfram. 

1)0. . 




1 

748*8 

Wolfram and other associated 
minerals. 

1)0. . 




C 

1,939*2 

Tin and associated minerals. 

Do. . 




1 

294*4 

Tin and other minerals. 

Almbu . 




1 

76*8 

Natural i^troleum (including 
natural ga.s). 

Myingyan 



• 

3 

8,317*4 

Do. 

Myitkyina 



9 

1 

1,216*0 

All minerals except oil. 

Do. 



• 

3 

6,784*0 

Gold and platinum. 

Do. 


• 


4 

2,560*0 

Gold. 

Northern Shan States 


1 

160*0 

Antimony. 

Do. 

• 

• 


2 

723*8 

Iron-ore. 

Pakokku 

• 

• 


2 

938*2 

Natural petroleum (including 
natural gas). 
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Table 54* —Prospecting Licenses atid Mining Leases granted in Burma 
duriwg the year 1935 —contd. 


District. 

1935. 

No. 

Area in 
aoros. 

Mineral. 



Pbospjgotino Liobnsbs — conid. 

Salwoen. 

• 

2 

1,190-4 

AU minerals except mineral 
oil, tin and wolfram com¬ 
bined. 

Do. . 


5 

3,840*0 

Gold. 

Do. . 


1 

640 0 

All minerals except mineral 
oil. 

iShwobo 


1 

236*8 

Gold or other mmorals. 

Do. 


2 

7,987-2 

Natural petroleum (including 
natural gas). 

iSouihern Shan Stutos 


1 

1,280*0 

Wolfram, load and antimony. 

Do. . 


7 

6,560*0 

All minerals except tin. 

Tavoy . 


32 

9,192*3 

Wolfram. 

Do. . 


40 

26,336-0 

All minerals except oil. 

Du. . 


1 

377-G 

Tin and allied minerals. 

J)u, , 


1 

140*8 

Tin and wolfram. 

Tliatun « 


1 

1,280-0 

All minerals except oil and 
tin. 

Do. . 


1 

480*0 

All minerals except oil, tin 
and wolfram. 

Do. . 


1 

320*0 

All mmorals except tin, oil 
and natural gas. 

Thayotmyo . 


6 

8,890-4 

Natural petroleum (including 
natural gas). 

Toungoo 


2 

7,008*0 

Gold. 

Upper Chindwin 


1 

704*0 

Coal. 

Do. . 

• 

4 

11,669*0 

Natural petroleum (including 
natural gas). 
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TAiiLE Prospecting Licenses and Mining Ltmses granted in Burma 
duiing the year 1935 —concld. 


District. 

1935. 

No. 

Area in 
acres. 

ATinera]. 


Pkospeoi’ino Licenses — concld. 

Yu moll 1111 

IS) 

18,))88-K 

All iiiinorals oxeept oil. 

Do. 

1 

9600 

Tin and allhui mitienils. 

Do. ... 

1 

1.1520 

All inmends except pi-ecious 
stones. 

J)o. 

4 

3,2960 

All minerals except oil and 
tin. 

Do. 

2 

1,1200 

Wolfram. 

Do. 

3 

4,473-6 

All miiKTuls except tin. 

To'lAL . 1 

2S7 



1 

Minin< 

1 Leases. 


Amherst 

1 

f(ii0*0 

Tiii-orc, 

Merj^ui .... 

.) 

352-0 

j)(.. 

Do. 

9 

;i,.S?)7'6 

Till and wolf ram. 

Tavoy . . • . 

4 

2,400-0 

Tin, well ram and allied 
nnnf>rn1s. 

Do. 

1 

in 2 

Tin and H]lie<l mineral. 

Do. 

i 

249-6 

All minerals except is^troleum 
and precious stones. 

Do. 

2 

291-4 

Tin an'i wolfram. 

Total . 

20 







t^ART 3.] 
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Table 56 .—Prospecting Licenses, Mining and Quarry Leases granted in 
the Central Provinces during the year 1935, 
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Table 05. — Prospecting Licenses, Mining and Quwrry Leases granted 
in the Ventral Provinces during the year 1935—oontd. 


District. 

1935. 

No, 

Area in 
acres. 

Mineral. 


Quabby Lbasbs. 


Bhandara 

1 

151 

China clay. 

Bilaspur 

3 

6 

Olay. 

Do. ... 

1 

4 

Limestone. 

Drug .... 

1 

2 

Coal. 

Jubbulporo . 

10 

67 

Limestone. 

Do. . . , 

1 

1 

Clay. 

Nagpur 

1 

3 

Do. 

1 

Do. ... 

1 

5 

Pottery clay. 

Do. 

1 

9 

Limestone. 

Haipur .... 

3 

37 

Flooring stones. 

J)o. 

2 

38 

Clay. 

Do. 

1 

3 

Building stone. 

Yootmal 

5 

38 

Limestone. 

Total . 

31 
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Table 66. —Prospecting Licenses and Mining Leases granted in the 
Madras Presidency during the year 1935. 


IMetrict. 


1935. 


No. 


• Area in 
acres. 


Mineral. 


PROSPROriNO LK'EKSKS. 


Ananiapur 


• 


3 

52-60 

Barytes. 

Do. 




1 

7,562-40 

(joKl. 

Do. 




2 

600-38 

Steatite. 

Bollaiy . 




1 

227-00 

Manganese-ore. 

Do. . 




1 

85-00 

Rod oxide and rod oclire. 

Ouddapah 




.5 

710-32 

Asbestos. 

Do. 




1 

14-00 

Aluminium silicate. 

Do. 




1 

236-00 

Load, copper, silver and zinc. 

Do. 




13 

445-07 

Baryt-es. 

Do. 




2 

446-97 

Silver, lead, cop|)or, zinc and 
antimony. 

Do. 




1 

21-00 

Steatite. 

Guntur . 




1 

60-00 

Diamond. 

Kumool 




16 

614-05 

Barytes. 

Do. 



• 

1 

12-30 

Steatite. 

Do. 




1 

21-00 

Silver, load and zinc. 

Do. 




1 

28-69 

Asbestos. 

Do. 




1 

77-60 

Iron and nn\ii)jariev^^. 

Nellore . 




8 

374-68 

Mica. 

Do. . 




1 

37-14 

China clay. 

Salom . 


• 


1 

64-36 

Gold and silver. 



T 0 TAT 4 

• 

62 
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Tablk 56. —Prospecting Licenses and Mining Leases granted in the 
Madras Presidency during the year 1935 —contd. 


1036. 


District. 

No. 

jVrea in 
acres. 

Mineral. 


Mininq Leases. 


Anantapur 

1 

03-22 

Barytes. 

(^iddapuh 

3 

27360 

Do. 

Do. 

1 

54-30 

Asliestos. 

Kumool 

1 

3,579*81 

Limestone. 

])o. 

1 

23-70 

Barytes. 

Do. 

1 

24-64 

Steatite. 

Nellor© • . . , 

1 

48-00 

Kyanite. 

Do. 

2 

26-65 

Mica. 

Tinnevelly 

1 

2-04 

Garnet sand. 

Trichinopoly , 

1 

3,162-57 

Phosphate noflules and gyp* 
sum. 

Total . 

13 




Tabt,e 57. —Prospeding Licenses granted in the North-West Frontier 
Prormee during the year 1935. 


1035. 


. 

No. 

Area in 
acres. 

Mineral. 

Bannii .... 

3 1 

9,619-2 

Natural petroleum (iiioludtng 




natural gas). 

Bannu and Dora Tsniail 

1 

13,248-0 

Do. 

Khan. 




Dora Ismail Khan . 

2 

3,146-2 

Mineral oil. 

Kohnt .... 

2 

6,120-0 

Natural petroleum. 

Total . 

8 
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Table 58 .—ProspeHimf Licemesi and Mining Leases qranied 
Pun jab during the yem 1935. 


District, 

No. 

Aroa in 
atTos. 

Mhicral. 


I’jlOSrErTING Lioen.ses. 


Atto<‘k .... 

2 

2.534-4 1 

Natural jMjtroloiun. 

.Iholum .... 

4 

],831-5 

(.'oal. 

Total . 

0 




Jhoium . 


Mt>’incj Lkake*^, 
3 I l,42r>-t> 


Coal. 
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. INTRODUCTION. 

I visited the Shahidmena (34® 9' 30": 71® 17' 30") marble 
quarries in the MiiUagori tribal country of the, Khyber Agency on 
the 16tli January, 1936, and the marble deposits of the Kambela 
Khwar, west of Lowaramena (34® 8': 71® 19' 30") on the 20th 
January. I revisited both areas on the 22nd April, 1930. 

I vivsited the marble deposits near Maneri (34® 8' : 72® 28') in 
the Swabi tahsil of the P-eshawar district on the 2l8t January, 1936. 

This paper embodies the observations made in the field during 
those visits, and also includes numerous analyses of specimens of 
marble that have been kindly made for me in the Laboratory of 
th(‘. Geological Survey of India. 
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IL MARBLE OF THE MULLAQORI COUNTRY, KHYBER AGENCY, 

I. Previous Observers. 

The geology of the Khyber hills is known chiefly from certain 
traverses made by Griesbach and Hayden. 

In his account of the geology, whicli forms a separate section 

in his paper on the geology of the Safed Koh Griesbach considers 
the limestone and alum shales serus that 
res ac . forms the hills in the vicinity of Ali Masjid 

(34° 2' : 71° 16') to be Carboniferous in age. These rocks are 
underlain by raetamorphic strata with graphitic laj^ers, also of 
Carboniferous age. The oldest rocks, forming his gneissic series 

and a scries of phyllites and schists, are ranked as Older Pjjheozoic. 
He states that a fold-fault has brought the older Palteozoic rocks 
in superposition over the limestone near the Loe Shilman valley, 

which is a few' miles to the north-west of Shahidmenn. lie notes 
(p. 91) that 

* Homblendic granite in veins near Sarobi and trap intrusions along the north¬ 
ern (left) side of the valley obscure the section a good deal, but as all llir hills north 
of this line are formed by schists and a gneissic series, the bed: vine !i dip north¬ 
west, it seems that they must have been pushed over thc‘ rel divt ly younger lime- 
storu^ division, which they now apparently overho. This structurf; might j)o.ssibly 
be explained as a reversed synclinal, of which the lirnestont' forms th(‘ ce ntre; 
but there is no direct evidence to w^arrant this assumption ; whilst, on the other 
hand, the great local disturbance and crushing near Umarai, and the appearnnt e 
of igneous intrusions along a line Mbich is the general strike of the dalalabad dis- 
turbanee, speak for a oontinuanee also in this area of the fold-fault (?) on thu south 
flank of the Siah Koh.’ 

Regarding flic Kam Shilman valley, wdiicli is to the west of 
Shahidmena, Griesbach says [Joe. cit.) that from smith to north 
forms a normally ascending section, it being the northern half of 
the anticlinal. He also notes the metamorj>hic grajiliitic Mudes 
overlies the schists conformably. 

‘ They strike more or less along the left side of the \nlU‘\ to neai' wlieie tiu' 
roiul to Shahidmaina branches otT to the W'est wlu'rf' they t\u overlaid hy th(^ 
dark limestone (d, carboniferous ?). The gra}»lutie sera*'? forms a reguhir seijuonec' 
of 8emi-metainor})hic schists, which are closely connected vdh the srluhls Iadov, 
but which, near the middle of the section, may be des<Ti))e<l as a <jreat tide knoss of 
calcareous phyllites, wdth occasional micaceous slates intiTcalated. Lavender- 
coloured clay shales with beds of bituminous alum shales form several di^tuut 
horizons, which contain numerous layers of graphite and grn photic sliales.’ 


I Rfc. Geol. Surv. Ind., XXV, Pt. 2, pp. 89-93, (1892). 

* Presumably near Sahib Khan Kalai (34° 10': 71 ’ 15' 'MV). 
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Hc‘ says that the limestone is in great force near where the 
Shahidmena road branches off across the metamorphic range (p. 92) 

‘ but imnuuliately north of this point this division is suddenly brought into 
contact with the mica schist and gneissic series, which are pushed over disturbed 
beds of the limestone and on the left side of the valley over the graphitic schists 
which underlie the limestone (f/).’ 

He noted that the thin-bedded limestone at the base of the 
massive limestone in the Kam Shilman valley contains garnets 
which are also found in tlie shaly partings between the limestone 
beds. 

(Triesbach considered the massive limestone to resemble litho¬ 
logically very strongly the Carboniferous limestone of the Hima¬ 
layas and the Hindu Kush, and it is placed by him tentatively as 
of that age. It is ovtTlaiii by shales forming the low hills at the 
entrance to the Khyber Pass before the Ali Masjid limestones, and 
these shales were considered (p. 92) as 

‘ (‘it.lier upper carboniferous or even younger, and may possibly be found to 
bo of Triassic age.’ 


H. H. Hayden. 


In his ac(;oiint of the geology of the Tirah and tin* Bazar valley. 
Sir Henry Hayden ^ refers to Griesbach's d(*scription of the lime¬ 
stone of the Ghund Ghar (33 ’ 57' 30" : 71'^ 
19' 30") at the mouth of the Khyber river 
and the overlying shale series, with which he found crinoidal and 
coral limestones interbedded. He concluded that these sliales are 
of Permo-Carboniferous to Upper CarbonifiTous ag(\ and the fossil- 
iferous limestones are Permian to Permo-Carf>c)niferoiis, and that 
probably the wdiole of the Product us Limestone beds is fully re- 
pres(mted. Triassic shales ovc.rlie the last-mentioned limestones. 

Griesbacli mentions ^ intrusive granite altering the limestone 
and also refers to trap intrusions. Hayden refers to intrusions 
of a green igneous rock occurring in small 
patches on, and at the foot of, Gliund Ghar 
which have alti'red the dark limestone to a finely crystalline marble 
of great beauty. He describes the green rock (pp. 115-116) as 
an enstatite-dolerite compos(*d of plagioclasc, a<ugite and enstatite 
with 

‘ numerous soc-ondary minerals, including chiefly gretm hornblende, bastite, 
chlorite and some zoisite. Ilmenite is very common, in every stage of alteration.’ 


Igneous rocks. 


^ Ocol, Nim;. Ivd., XXVIII, Pt. 1, pp. 108-114, (1898). 
2 Op. cit,, p. 91. 

* Op. ciLf p. 109. 
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The parent plutonie rock is proba1)ly an (^nstatite-^abbro, not found 
in siUi, 

In his paper entitl(‘d ‘ Oeolopcsl cousideraiions wliich appc^ar 
to affect the safety of the Kliyber liailway published by the 
Nortli-Western Railway ]V(vss in Lahore in 
1920, Dr. (>. S. Fox has ref(‘rr(‘d (p 2) to tlie 
previous visits of (Iriesbaeli and Hayden and has uiven a minute 
description of tunnel sections along the Kliyber railway. He 
refers {loc. cif.) to boulders of quartzite, sandy ferruginous limestone 
and grey limestone containing erinoids and brachiopods found just 
nortli r)f Jamrnd station. He considers it possllile that these have 
conn* from the Khyber and represent strata se<Mi in slfn by Sir- 
Henry Hayden rusir Walai and China in th(‘ north side of tlie Bazar 
valley. The fossils found by ])r. Fox were thouglit by Mr. G. H. 
Tipper ^ to affonl some indication of a I)(*vonian age. Howex er, 
Sir Henry collected Cpper thrboniferous to Permian fossils from 
these limestones and so the loc’ality of th(‘ Di^vonian blocks is un¬ 
certain. 

In January. 1935, Sir L(‘\\is Fermor visited the marbh* (piarries 
at Shahidmena and also at Maneri in tire Ih'slrawar <listrict, and 

I have (‘xamined and registennl his hand 

L. L. Fermur. . . i ^ i 

specimens and thin sections Sir Lewis noted 

the ac^girite which occurred in his section of tlie hiotite-aegirite- 

artVedsonile-gn(‘iss to which I refer on ]mg<‘ 333. He did not collect 

ln.‘. obsiTvations on tin* marble deposits in tin* form of a repoit. 

In a, separate paper (mtitled ‘ A Sod«i-Graniti‘ Suite in tlie Xorth- 
West Frontier Province' \ which J reael recently lad'on' the Nathmal 

^ ^ ^ ^ Institute of Sciem'cs of India. I have describ- 

(*d tlie above rock and ci'rtuin allied porpiiyries 
occurring in tin* Peshawar district which have be»*n analysed. 


2 . Oeological Notes, 

(i) Struefure. 

With this somewhat lengthy, but very necessary account of 
the work of previous obsiTvers, we may now turn to a discussion 
of the Shahidnieiia-Lo\varaiuena marble area. 

» Jtcc, Oeol. A'lirv, hid,, LXIII, Pt. 1, p. 22, (1930). 

n2 
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There is little doubt tliat the Sliahidmena liniestone, which has 
been altered to marble by intrusions of epidiorite dykes, is the same 
limestone as that of Ali Masjid and Ghiind 
Carboniferous litne- considered bv (Jriesbach and Hayden 

to be Carboniferous in age. It seems to 
form the upper part of tlie Agham Dabbar hill (4,033 feet) and to 
stretch towards Jawaramena and Lowaramena, following the road 
alignment but about a quarter of, to half, a mile w'est of it. 

The limestone apjiears definitely to underlie a series of schists 

near Lmsaramena with no apparent dislocation. If Griesbach’s 

interiiretation of the relative ages of the 
Inverted succession. , . ' . i v ^ i j. 

schistose senes and the limestone be correct, 

then the limestone is the younger and the schists may be cither his 

metamorphic strata with graphitic layers, or his phyllitcs and 

scliists, the anomalous position being due to overfolding or reversed 

faulting following a break along the limb of a recumbent synclinc. 

The limestone is underlain by a inotamorpbie sewies wdth gra¬ 
phitic layers in the Kainb(*la Kh'war, threi^-quarti^rs of a mile north¬ 
east of Kambela, w’liich seems to ditfcT from the schists at Low'ara- 
mona. Therefon' if the anomalous position be due to overfolding, 
th(‘n W’e sliould expect similar graphitic* schists to ov(‘rlie the lime¬ 
stone and to occur betsve^en it and the* schistose scM’ies. This is 
apparentl}* not the case*, and wa* must conclude that if Griesbach 
be correct, tlnm there is a reverscnl fault l>eiween the limestone 
and the schistose series wlilcli appears to overlie it without disloc¬ 
ation. 


A schistose sfuies (’xtends from west of Low'aramena oastw^ards 
towards the edge of the. hilly country by PairuJai Laima. It con- 


Schlstose f.erles. 


sists of phyllites, shakes, and mica-, chlorite- 
and lionibleiide-scbists, with occasional lime¬ 


stones, all abundantly showing reef quartz. The nu'tamorphisni 
of this serif's vaiif's gn*at!y. Tli<*re js a carljonaceous shale of no 


economie. importancf' cropping out by the side of the road at mile 


34/2 ; this may ]>e part of tJie s(‘histose series, or alternatively of 
t-lui metamorphic j/raphitic. series tha.t und(‘rli(‘S tl»c limestone. The 


large width of outcrop of tlie schists may be due to repetition of 
both of Griesl>ficb s series. Greenstone dykes intrude the schists. 
The general foliation is north and south, but the strike is interrupt¬ 
ed to tlie soutli b}^ the ro(*-ks forming the range with the high peaks 
of Shahid Sar (4,720 feet), Khono Sar (4,129 feet) and Kotaz Sar 
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(2,238 feet), which were not visited but which strotcli S. 8. K. to¬ 
wards Jamrud Fort. To the north, the ridge culminating in 

Patigate KSar (2,GOO feet) Jjas tin* saiiu* strike, cutting across the 
foliation of the schists. 

Patigate 8ai* is (‘om])osed of a most interesting bi<dite-iH‘‘drite- 
arfveds^)nite-gneis^^ ('^o(ia-graitit<‘) \\hieh T ]iav<‘ deserilx'd lun'e. 

, . 'j'liis giaiiile luax (ionbirnllv lx- xhv .uin e as 

boda-granne, , . . , * . , , ., • i i 

the granitic intnr.ion^ iji(ait)(auHl l)y OnesoacJi. 

It certainly is not his ‘grey tliick-bedded g/ieiss ’ of liis ' gneissic 

seri(‘Swhich is overlain by ]>Jiy]]it‘s ami sehists. it appears 

youngcT than the (pjdiorile dykis aiid mIIs vliich liavti b(*en 

vsilile for tlie conversion (d* tle^ iim(‘ston<‘ into inarMe ; these giMvnally 

follow tlie foliati(»n. The granitt* i.'. pos>ib]y ^Iest>zoic in age. 

As yet. uiK'Xpostxl masses of it may have iisMsbx! in tlie melainor- 

})hisin of th(‘ linie.'^tom* to marble m^ar Sliahidmeu i. 


(ii) Sh(i]n(hn< h(i 


Slmctuit inddtrhc. 


Th<‘ geijiogieal strudure nf the Aghani l)abhar hill is sinnewhat 
indefinite. It is j)ossible that a fanlt luns N. N. E. along the line 
of tlie 'i’amla t)ba Kliwar. The rocl:s at tin' 
toot (d‘ Shahidmena village dj]) at high a.nglos 
and aie very contoned. Arenace<!us, e«dear(*ous and schistose 
rocks, intruded 1 v e})idionte sills and showing idumdant reel* (piartz, 
form the ridge running north-east iugweiui tin* ^Jauda 01»; Khuar 
and the Kam Siijlnian Kh\Mir. (b*n-sbaeh's (lescrijdivc* notes are 
not el(‘aT\ but it aj^pears tliat these tbim part (d Jiis ‘ pliyllites and 
s(‘hists series ’ (OhJer l^Jla‘ozole). 

A tremolitic inarbli‘ vas notixl in eontm't witli an ejudiorite 
dyke three-(|uarteis of a nnle noith-east of Shahidmena. ]\lost 
of the (wiginnl ftaroinagnesiau minerals m the i‘])nhoilie have Ix'en 
converted to liornblemh', but tin.re is still smin* original ^mstatite 
and diopsidt*-at)gite. Other minerals are epidote, zoisite, chlorite, 
quartz, felspar, abundant sphene and non-ore. Peihaps these 
epidiorites an*, of Panjal tiaj) age. 

Ill the bend of the Kabul river around Wiapide Jar, the rocks 
dip to the east iind E. K. E. ; these arc appart*ntiy schistose rocks, 
but it was nut possibk* to visit tlieiii. We 
may conclude, liowe\cr, that the limestones 
and marble of 8hahidincna, on the southern side of the river, to be 


? Recumbent syncline. 
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parr of a recumbent syncline, tJie beds of which dip generally east¬ 
wards at varying angles under older sdnstose rocks which have 
been pushed a1)ov(i them. 

At Hhahidmenn, tvo main (jiiaiTics have been commenc('d on 
the spur on which th(‘ Mullagori road begins to zig-zag down to 
tlie level of the Tauda Oba. Khwar. These 
quarrfeJ **^^^*^ convenience be termed the upper and 

low(U' (juarries. The dips in the vicinity of 
these (juarries are very uncertain, and the marble is mixed up with 
shales and intrusive e[)idi()rite dyk(‘s. How’cver the gemTal dip 
is easterly, though it seems to change to north on the northern 
end of the spur by the lower quarry. 

In the interval betwecui my visits, considerable development 

W’ork was doii(‘. Most of the marble recently opened uj) in the 

. . in)i)cr quarry seems to b(‘ of the same type 

Development work. /. \ , , . , 

as certain handed varieties m the Ivamoela 

Khwar and accordingly is not a pure, white, saceharoidal marble. 

On the other hand, the marble exposed in the low’cr (juarry is a 

considerable (Quantity of jmre, white, saceharoidal, statuary marble 

of fair dejith- greater than 30 feet - and unproved thickm*ss. As 

the raetarnorphic agents wliicli have changetl tlu' grey Caibonifer- 

ous limestone into white marble are possibly only gre(‘nstone dykes 

and sills, one cannot ('xjiect a very great thickness of marble on 

citlier side of the basic intrusions. At Shallidimuia, liow^ever, 

in contiadistiiulion to Maneri, the gre(Uislone dykt‘s so far have 


Development work. 


not be(‘n (‘Xposed to any great extent by (|uarrying. 


exj)osed 


face of the marble dips east wanks into the hillside and so it will be 
difficult to work as the ov(‘rhurden will increase as one excavates 
further. It has lieen suggested that one should blast awiiy the 
hillside and then cut up tlie resultant blocks iv situ, A short chute 
down to the old railway emliankment along the Kaliul river, which 
could be used for bulluck-carts at no great exjiense, has also been 
advocated. 

The Hliahidmena marble is of extremely good (juality as will be 
S(‘en from the analyses listed in Table 1. These w(*re performed 
Analyses. Laboratory of the Geologieal Survey 

of India and are of tyj>ical samples of the 
pure, white, statuary marble from the upper and lower quarries. 
The analyses of two of the Makraiia (Jodhpur) marbles and of the 
Carrara (Italy) marble, given for purposes of comparison, have been 
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recalculated from the analyses given by Dr. Heron ^ in bis descrip¬ 
tion of the Makrana nxarble; that of specimen 42/5G2 is quoted 
from the saiiui j)aj)er. 


Table 1.- 

— Analyb 

ca of Shahid 

Makram> 

and 

Carrara 

marb/e> 

Hock nuinbt r . 


4n/:*i>2 

40/402 

■■ 1 

_ ^ 1 


42/r>(>2 


L()c.iillty 

I’pprr 
quart V, 
Sliuhidttuna 

Low< r 
4iuiiri V. 
Shahltiiiifiia 

Makrana J Makrana 

. __ ! 

^ Makrana 

Can ara. 

1 



l** r rvnt 

INt wilt. 

JO t C4 nt. 1 1 

t r i\ nt 

1 — 

1 Pri (< nt 

1*1 r n nt 

SlO, 


0 04 

0-(>2 

oos* i 

(Kste 

j 0 to 

frr/rt' 

Al,0,4 Kl'aO, 


0 10 

OlO 

0 10 i 

0 2S 

i 0 04 

Oil 

CaO 


:*f> 44 

a4 00 

6") 10 j 

r)4'73 

j .>0 (ts 

1 .'>>04 

MgO 


0 TO 

1-01 

1 

0 30 I 

0‘aiS 

1 0 00 

1 0*41 

].<)"!« on ignition 


43 7 i 

4 3 NO 

43 77 ' 

i 

43 t).') 

1 

! 44‘17 

IV\ . 



’ 

0*03 , 

t 

0 04 

1 

! trun' 

Totals 

100 02 1 

loo 10 1 

loo 40 , 

10! 17 

J 100 70 

1 100 33 

spr ritb* gravity 

• 

2 72 

2 72 



; 2 73 


It will 

1)0 s<‘(*ii 

that dial Shahid 

mena stone is 

e(|ual in jjurity 


to the Makrana inarl)le and only very slightly l(‘ss pure than the 
Carrara niarl)le. Tin* peureiitage of silica in tin* Shahidmena 
marble is less than |M‘r cent, nhieli is t'Xtraordinarily good. 

However, for ordinary buihling purpos(*.s, insolul>h‘ matter ^viU 
not affect the value of a limestone or niarhle unless it be conc(*ntrat- 
ed in irregular masses in sufficient (juantity to cause tin* rock to 
W(*atlier diffen^ntially or to affect the ease willi which it can lie 
dressed. For statuary purposes, freedom from aggregates of 
(juartz grains i.s more essential. 

Both Shahidinena specimens are only very slightly magnesian, 
tlie lower quarry samj)le containing less than 2 ])er cent. 

(iii) Kamhela Khivar marhh\ 

The metamorphosed Carboniferous limcvstone tonus high cliffs 
on either side of thi* Kambela Khwar south-west of Lowaramena. 


^ A.M, Heroa, Trans, Min, Oeol. Inst. Ind,, XXIX, Pt. 4, p, (19.t>). 
* Insohiblc HiBiduo. 
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Little infiltration of ^ of thfi limestone near the 

metamorphoaing bade level of the stream bed has been metamor- 
*"“**"•• phosed by intrusive epiditmte dykes and sills 

to a fairly well jointed marble, dipping gently eastwards at about 
30°. A specimen showing the junction between an epidiorite 
dyke and marble, one mile south-west of Lowaramena, shows 
surprisingly little infiltration of the magma, though the original 
limestone has been all recrystallised to marble. 

The quality and nature of the marble occurring in the Kambela 
Khwar vary greatly. Certain of the hand specimens are very 
deceptive, containing a large amount of silica 
" not always recognizable in the field. On 

this account, I paid a second visit to the Kambela Khwar in order 
to collect as many varieties as possible for analysis. The speci¬ 
mens in question were analysed with the results given in Table 2. 

As has been stated, the recognition in the field of the pure types, 
except the white, saccharoidal marble, is not idways easy. The 
higher specific gravity of the purer kinds, however, is a general indic¬ 
ation, though the banded grey and white marble from the Lowara- 
meiia path seems aberrant. 

It would appear that there is more pure, white marble at Shahid- 
mena than in the Kambela Khwar. In the latter place, the thick- 

More are white white marble seems to be of the 

marbk afshaMdinma order of six to eight feet on either side of 
Khwar" **** *^‘‘”*’**“ intrusive and metamorphosing epidiorite 

dykes and sills, as noted in the exposure 
south-west of Lowaramena. Again the deposit of pure white marble 
IJ' miles W. S. W. of that village does not appear to have any great 
thickness, and is capped by whitish, impure, banded marble. How¬ 
ever, the metamorphism is not limited to the formation of pure 
white marble; and beyond the limits stated, less recrystallised 
marbles occur. As will be seen later, I do not recommend the work¬ 
ing of the pure white marble alone. 

By Abney level observations, it would appear that the banded 
marble cappii^ the pure white marble 1J miles W. S. W. of Lowaramena 

■ . ■ ia at about the same elevation as Lowaramena 

Developnient. .. v i ^ 

and, accordingly, it might be possible to use 

an aerial ropeway were en^gies concentrated here^ On the other 
hand, the deposit of pure white marble just south-west of Lowara¬ 
mena is at a lower level than tihe village; but it could easily be tapped 
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by a short feeder road up the Kambela Khwar to join with the 
Mullagori road. It has abundant handsome banded marble near it. 

Certain of the banded varieties of the Kambela Khwar form very 
handsome stones suitable for general building purposes, facing 
work, tile^, etc., and illimitable quantities seem available. With 
little or no difficulty, suitable spots for the extraction of different 
types of marble could be chosen. There is a very large numl)er of 
big masses of marble in the bed of the Khwar which will probably 
suffice ordinary demands for some time. 


(iv) General descriptive details. 

The following descriptive notes concern chiefly the Shahidmena 
marble, but will be equally applicable to some of the Kambela 
Khwar marble. 

The marble is a pure, white, saccharoidal stone, translucent in 
thin masses and equal in appearance to the Makrana marble of 

^ Jodhpur and Carrara marble. It has been 

Use of the maitke. , j i* n • ^ ^ i . 

worked successfully into translucent orna¬ 
mental vases and vessels, plates, etc., of great beauty. It has been 
used as an ornamental building stone (polished and unpolished) on 
a small scale in Peshawar for flooring, fire-places, etc. It has been 
used also for flooring with black slate from the quarries just over a 
mile south-west of Jahangira Road railway station (33° 57' 30'': 
72° 12'),i 

The Shahidmena white marble, sawn but not polished, costs 
about As. 11 per square foot in Peshawar; this may be compared 
with Makrana. marble, also sawn and un¬ 
polished, which costs Re. 1 to Re, 1-1 per 
square foot in Peshawar. 

After being roughly dressed at the quarries, the Shahidmena 
marble is carted by motor-lorry along the rough Mullagori road fox 
about 26 miles to Peshawar, where it is sawn 
in a factory recently install^ by the Director 
of Agriculture and Allied Departments near 
the goods railway siding. The blades used are of cold carbon steel, 
employing a cutting sand from a river-bed between Adina and 
Kalu Khan (34° 13': 72° 18'), near mile 16 on the Mardan-Swabi 


Working costs. 


^ The cost of this slate delivered in Peshawar was about As« & per square loot, or 
Be. 30 per 100 square feet. Bplits one to three indies were obtained^ The date repla^ 
dutoigarh slate which cost In Peshawar about As. 9 square loot* 
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road. This sand contains a lot of felspar, which reduces its cutting 
power. 

Thus the saws cut through about seven-eighths of an inch of 
marble per hour wlien Kalu Khan sand is used, as opposed to 
inches per hour cut by quartz sand from near Makrana. However, 
the local sand does not give so many scratclies on the cut surface 
as does the Makrana sand, and so it does not require the same 
amount of polishing to remove the grooves. Again Kalu Khan 
sand costs Rs. 28 per 100 cubic feet delivered in Peshawar, whereas 
Makrana sand costs Rs. 100 per 100 cubic feet in Peshawar. Finally, 
though the makers state the saw-blades will last six weeks, they were 
actually lasting 2| to 3 months with the local sand. It would 
appear, therefore, that additional advantages from the use of the 
local felspathic sand more than compensate for its disadvantages^. 

The question of shipping the marble in barges, or of floating it 
on raft/S, down the Kabul river and its canals to Peshawar has, I 
understand, been discussed and abandoned 
mentl *^***'''*^ ***^'”* partly on account of the possible objection of 
the tribes through whose territory the marble 
would pass. I have mentioned previously the old railway embank¬ 
ment along the southern bank of the Kabul river that was built for 
the strategic railway that was never completed. The dressing 
factory has already been constructed at Peshawar, but it would be 
logical to transfer this to the railhead should it ever be necessary to 
construct the railway. Certainly this railway would better enable 
the marble to compete in markets other than local, as it would avoid 
much unnecessary handling and cartage. 

HI* MARBLE OF THE PESHAWAR DISTRICT. 

L Introductory. 

The production of limestone from the Peshawar district has been 
recorded almost continuously since 1912. In the returns of mineral 
production from the North-West Frontier Province, much of the so- 
called limestone and kanhat is thought to be building stone other 
than these. It is believed that tire chief place from which limestone 
or marble has been extracted is Maneri (34*^ 8': 72^^ 28'). 

1 Baad from the Mallagori conntty was tried unsatislaotorily in the factory. This 
costs Es. 20 per 100 oubio feet. It is necessary, whatever sand is used, whether Kalu 
Khm w liiiB«geri» that it first be screened. 
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2. Nowshera Tabsil. 

The ridge with hiU 1,186 feet, which etrikes east and west across 
the road between Nowshera and Bisalpur, contains a pink marble 
which will be an useful stone for certain 
Pink marble. coloured ornamental work. A section (24350) 

of a specimen (49/595) of this from half a mile soulh-wcst of Kandar 
(34° 2': 72° O') shows that the pink colour is apparently due to iron- 
ore. The rock seems to have been a ferruginous limestone which has 
suffered metamorphism, one of the effects of which is that bands of 
clear calcite traverse the rock. 

This is probably the same marble as that said to form the hill 
Pit Sabak Dheri (1,276 feet), north of the Kabul river and about three 
miles E. N. E. of Nowshera Cantonment, which I was imable to 
visit. It does not appear to be a well-jointed stone and thus will 
probably be difficult to quarry into large blocks. It is probably the 
stone that is burnt for lime in the kilns near Nowshera. 


3. Swabi Tahsil. 


Marble of Carbonlt 
eroua age. 


The chief marble of the Peshawar district is found at Maneri 
in the Swabi tahsil, where variously coloured 
stones have been obtained. The marble has been 
formed by the alteration of a dark-coloured lime¬ 
stone by intrusive epidiorite dykes, which are very numerous. 
The original limestone seems undoubtedly the same Carboniferous 
limestone as that of the Khyber Agency, described previously, and 
the intrusive dykes and sills also similar and possibly of Panjal trap 
age. In no section was any original ferromagnesian mineral seen, 
all being altered to hornblende. 

The old quarries arc on the southern flanks of hill 2,006 feet, 
just north and north-east of Maneri Bala. The strata are highly 

Old uaniet folded and buckled, but a good anticline may 

quar ea. observed imder the south-western spur of 

the hill. Dips generally are in all directions and the amount of 
marble that may be quarried is very seriously limited by the amount 
of intrusive epidiorite dykes and sills. 

The colour of the marble varies according to the amount of meta¬ 
morphism. White marble (49/475) is quarried high up the hill and 
the blocks rolled down for rough-dressing at 
its foot. (The chief other varietisB ate grey. 


Aoalyaei. 
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green and yellow. Analyses by Mahadeo Earn of three types found 
at Maneri are given in Table 3. 


Table 3 .—Analyses of marble from Maneri, Peshawar district 


Rock number 

. 

. 

49/473 

49/474 

49/476 

Slide number 

• 

• 

24354 

-- 

-* 

Description. 

Green 

serpontinouH 

marble. 

Grey marble. 

White marble. 

S'O, . 



Per cent. 
7-34 

Per cent. 
002 

Per cent. 

0-04 

Ak 03 “j“T'C 20 j 

• • 


0*76 

0*05 

0-05 

CaO . 

• 


45-65 

55-86 

55-86 

MgO , . 

. 


7-34 

0-29 

0*33 

Loss on ignition 

• 


38-13 

43-47 

42-58 


Totals 


99-22 

99-60 

98-80 

Specific gravity 

• 

1 

• 1 

j 

2-71 

2-74 

i 

2-71 


The green scrpentinoiis marble contiiins some 7J per cent, of 
silica and the same amount of magnesia. It is ])ractically ophical- 
(jite. The grey and white marbles are of the same order of purity 
as the white marble at Shahidmena, being practically pure calcite. 

The green serpentinous marble of Maneri occurs for a width of a 
few feet only on either side of a relatively large, spheroidally 
weathering epidiorite dyke, strildng approxi- 

seSnoHrmiblf!**" N.N.E.-S.S.W. across the saddle bet- 

ween hill 2,006 feet and the spur running 
S.S.W. towards Maneri. Yellow serpentinous marble of considerable 
beauty is known to occur a short distance away from the green 
variety, but I did not visit this.^ I suspect that its mode of 

^ According to Mr. Beer, a long tbin band of yellow mottled serpentine occurs 
Darsang, which is probably the hill Dang Sar, 2,045 feet, 2^ miles north-east of Maneri 
Bala and forming the frontier with Swat territory, * This is very difficult to quarry 
as the hammer and chisel only splinter it up, but 1 think it may bo out into panels with 
a wire saw, and by its use tiles and panels and table tops of any thickness may be out, 
both in yellow and bluish green rock. After polishing, this would look very handsome, 
the green especially, if alternated with white in a flooring would have a cool and clean 
effect,^ 
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occurrence will be found to be similar and that its amount also will 
be strictly limited. These green and variously coloured varieties form 
very handsome stones which take a good polish. They would be 
suitable for facing work or for coloured aggregates in mosaic work. 

The white marble is of the same nature as the Shahidmena 
marble, being a pure, white, saocharoidal stone of handsome appear¬ 
ance. 

Through the c‘ourtesy of the Director, Department of Agricul¬ 
ture and Allied Departments, I have been enabled to see the geo¬ 
logical report on the Swabi marble by E. J. 
ideological Esq,, for the Frontier Marble Syndicate, 

made as a result of his inspection in 1923, 
T understand that owing to certain difficulties with the local inhabi¬ 
tants and restrictions imposed by the Local Government, this 
syndicate, which was formed for the extraction of marble from cer¬ 
tain quarries, did not pursue the matter further. 

Four representative specimens of marble from the Swabi tahsil 
(47/337-340) were sent to the Director of the Geological Survey of 
India by the Director of Agriculture in July, 1934. These were a 
white marble of medium grain and uniform texture, translucent in 
thin section; a grey marble, coarse in grain and not so uniform in 
texture; a green marble, fine-grained and containing small amounts 
of tremolito; and a yellow-green marble, fine-grained and mottled 
white, light grey and yellow-greenA 

These specimens are typical of the varieties I observed. 

Grey limestone is said to occur at Kala, Darra and Shah Mansur, 
south of Swabi, in the hill masses of Panjpir Ghar and Shah Mansur 
Ghar, and poor quality limestone at Ambar 

of **^*re^ Time' ^ same grey 

stonrand wWt7m«rb!c. limestone, unaltered to marble by epidiorite 
dykes and sills, A white marble is said to 
occur north of the hill of porphyry called Gohati at mile 24 on the 
Mardan-Swabi road. This will possibly be the hill Ghundai Tarako 
(34^ 13': 72® 26') on the Swat border which I hope to visit in tlie 
forthcoming field season.^ 

1 S(ie alfjo M. S. Kmhijan« iftc. Gt/ol, Surv, Jnef., LXX, p. 412, (19S6). 

»Ml*. Boor mentions that Sagai Hill is almost made up of white marble, mostly badly 
eracked and flawed, but with some beautifni white ^uali^ among the rest, * good etto pj A 
for any small or medium work, and as white as that at Makrana, whioh'*^ place can hardly 
compete in quantity with the Swabi Bills % Bag^d Hill is presumably the hill at Haxu^ 
described on page 19. 
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The approximate cost of a rough-dressed, squared stone is about 
Be* 1-8 per cubic foot at Swabi. Transport for 72 miles by road to 

Transport charges and Mardan costs about Re. 1 per 

size of htocks at Maneri. cubic foot. The largest size of blocks that can 
be won by ordinary tools at Maneri is said to 
be about nine by six by six inches. It has also been asserted that 
the maximum size of blocks available is about 24 by 12 by eight 
inches, though usually the largest blocks quarried are about 12 by 
12 by eight inches. At the time of my visit, there were a few blocks 
of white marble 24 by 18 by nine inches lying at the foot of the hill; 
but I think that there will be difficulty in supplying this large size 
owing to the contorted folding to which the strata have been sub« 
jected and the abundant intrusion of epidiorites. The size of blocks 
here at Maneri is certainly smaller than at Rhahidmena. 

The nearest railway station from which the Maneri marble can be 
despatched is Jahangira Road, some 22 miles away to the south¬ 
west and across the Kabul river by the bridge of boats at Jahangira* 
The road through the village of Maneri Bala is impassable to bullock- 
carts, and donkeys would have to be used for transporting any 
marble quarried to the road. It is very necessary to reconstruct 
the disused road from mile 27/3 on the Mardan-Rwabi road to cross 
the Badri Khwar and join with the quarries—a total distance of 
about three-quarters of a mile. 


IV. DOLOMITIC MARBLE OF THE KURRAM AGENCY. 

I received recently from the Director of Agriculture in the 
North-West Frontier Province a boulder of white, crystalline dolo¬ 
mite (49/456, 24362) found in the Zeraii Tangi 
chiS?*’' a few uiUcs east of Parachiuar (33° 54' 30": 

70° 6') in tlic Kurram Agency. The Zeran 
Tangi here does not have a very large watershed and there seems 
little doubt that the dolomite forms part of the ?Devoman lime¬ 
stone series noted by Dr. Cotter in 1926.^ 

* JSec. Ckol. Burv. Ind., LX, pp. 102-103, (1928). 



344 


Beayrit of the Geohgkdl Swvey of India. [Voi^ 71, 


The following analysis by E. B. Ghosh indi- 
Analysh. nature of the rock, which would f«nn 

a very handsome building stone:— 


SiO, 

Fe^Oa etc. 

CfliO * • 

MgO 

Loss on ignition 


Per oeata 
2*04 
0*84 
80*77 
20*42 
48*80 


Total . 97*93 


Specific graTity.2*90 


The thin section of the dolomite shows small amounts of tremo* 
lite to be present. 


V. CONCLUSIONS, 

There is little doubt that there is more first class, pure, white, 
saccharoidal, statuary marble, at least equal in quality and appear¬ 
ance to Makrana marble, available at Shahid- 
Quantities available. Kambela 

Khwar. But I doubt if any one of these deposits alone would be 
able to keep up the regular supply of a large quantity, such as say 
600 tons (=600x16=7,800 cubic feet of marble of specific gravity 
2*75) per month of first class, white, statuary marble. Allowing 
only 25 per cent, wastage, this quantity would entail the monthly 
removal of marble of dimensions about 40 by 26 by 10 feet. 

I consider that for the best development of the marble industry 
in the North-West Frontier Province, it is advisable to develop 
All three deposits simultaneously the Shahidmena, Kambela 
should be developed Khwar and Maneri deposits. Also every 
simultaneously. possible care should be taken to extract the 

less valuable, banded, relatively impure marbles at the same time 
as the pure white marble, which at all times will command a market. 
By doing so, large quantities of good quality, banded marble, suit¬ 
able for tiles, facing and general building purposes, which otherwise 
would be wasted, will be sold in addition to the statuary marble. 

There is no reason why the North-West Frontier Province 
should import limestone or marble from other provinces of India. 
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MISCELLANEOUS NOTE 

Qttarteriy Stalisticg of Production of Coal, (fold and Pelrideum 
in India: Ain*!! to June, 1936. 

Coed. 


— 

April. 

May. 

June. 

j Quarterly 
total ior 
each 

Province. 


Tons 

Tons 

Tons 

Tons 

iLMam • • « . 

ld,074 

16,819 

17.046 

62,938 

BaluchktftQ • 

371 

229 

318 

918 

Bengal. 

606,797 ! 

586,391 

549,123 

1,740,311 

Bihar , . . « 

1,067,982 

1,071,849 

947,811 

3,087,642 

Oi*iBfia. 1 

3,374 

2,397 

2,501 

8,362 

Central Provirioes . 

133,067 

130,888 

127,132 

391,987 

Punjab «... 

16,716 

16,602 

13,423 

45,741 

Total . 

1,846,281 

1,824,175 

1,667,443 

6,327,899 


Gold. 


— 

April. 

May. 

June. 

Quarterly 
total for each 
Company. 


Oe8. 

Oks. 

Gas. 

Os». 

VyMm Gold Mining Co., 
Ltd. 

7,911 

8,168 

7,883 

23,062 

The Chaittpioa Beef Gold Mines 
of Indie, Ltd. 

6,694 

6,866 

6,696 

i 

17,266 

The Ooregiim Gold Itiniiig Com* 
|ia93r of India, Lid. 

4,151 

4,204 

4,181 ' 

12,536 

The Hinidiydfoog Afiiies, Ltd.« 

9,203 

9,722 1 

9,616 

28,640 

Total' . i 

^ . . i 

26,969 

27,960 

27,875 

82,294 
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Petroleum. 









Crude 

Petroleum, 

Total gasolene 
from natural gas.* 










0 aliens 

Callous 

Assam • 

• 

• 

• 

• 

• 


16,401,096 

Nil. 

Burma • 

• 

• 

• 

• 

a • 

• 

67,416,773 

2,260,233 

Punjab • 

• 

• 

• 

• 

• • 

• 

1,080,080 

107,416 






Toi'ai. 

• 

83.897,949 

2,367,649 


* These figures represent the total umouiiiK of gasolene clerivecl from natural gas 
at the well-head. Of these amounts, a portion is sold locally as ‘ petrol ’ and the 
remainder is mixed with the crude petroleum and sent to the lefineries. The figures 
given in the two columns, therefore, together r^ipresont the total ‘ raw products ’ obtain¬ 
ed. These remarks apply to the similar totals quoted in previous Hecord^, 


A. M. Heron. 


MQIPC—M—VIU.4-8—28-8..Sft—820 







ERRATA. 

Page 93, under Bajpai, M. P., for ‘ (c) ’ read (/), for * Op. cit.f 
read * Proc. Twenty-second Ind. Sd. Congr, (As. Soc, Beiigal) ^ and 
for items ‘ (rf), (e), (/)’ read ‘(c), (d), (c) 

Page 94, under Chakravarti, insert ‘ (e) Is Lametasaurus indicus 
an Armoured Dinosaur?’ Amer, Joum. Set,, Vol XXX, 138-141, 
(August, 1936.) 

Page 344, line 16 from bottom, for ‘ 7,800 ' rood ‘ 9,000 
Page 344, line 13 from bottom, for ‘ 26 ’ read ' 28 




RECORDS 


OP 

THE GEOLOGICAL SURVEY OF INDIA. 


Part 4 ] 1037 [ October 


Richard Dixon Oldham : Born 30th July, 1858 : 

Died 15th July, 1936. 

It is with great regret that I have to record the death, at 
Llandrindod Wells on the 15th July 193G, of Eichard Dixon Oldham, 
F.E.S., the doyen of the Geological Survey of India. He was born 
on the 30th July 1858, the third son of Dr. Tlionias Oldham, F.R.S., 
the founder and first Director of that Department, and was a 
relative of other former members, so that fan^ily tiaditions, 
combined with his own inclinations and ability, inspired him to give 
his best to the service to which he devoted the first half of his working 
life. He was educated at Rugby and the Royal School of Minos 
and joined the Geological Survey of India in December 1879 as a 
third-grade Assistant, a year after the death of his father, who had 
died two years after retirement. Passing through the various ranks, 
he became a Superintendent on the Lst October 1891, officiated as 
Director from the 8th May 1896 to the 23rd November 1897, and 
retired from the service on the 2nd May 1904. 

After his first season in the Godavari vallt^y 01dl»am commenced 
that series of researches in the geology of tlie (uiter Himalaya which 
formed perhaps the main occupation, oilier tlian seismology, of a 
quarter of a ceniurj’ of varie<l fieldwork. In 1881-82 lie aceompanietl 
the Manipur-Burina Boundary Commission to Manipur Stati' and 
the. Naga Hills, and in 1884-85 w^as with the Siirv<y (d‘ India party 
in the Andaman Islands. In 1885-86 he toured the g«‘ulogically 
unexplored desert region of north-western Rajputana, ehielly with a 
view to finding coal. In 1886-87 he worked in tlie Salt Range, in 
J889-91 in Baluchistan and in 1901-02 in the Sulainian Hills. From 
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1893 to 1899, interrupted by his appointment as Offioiating Director 
and his investigation of the Assam earthquake of 1897, he was in 
charge of a party consisting of Messrs. P. N. Datta and E. W. 
Vredenburg in the Son Valley. His last field-work was in the 
Lower Chindwin and Pakokku districts, Upper Burma. After retire¬ 
ment he A isited Burma again for a cold weather in a consultant 
capacity in oil to Messrs. Steel Bros, and Coy., Ltd. 

This wide experience admirably equipped him for his selection, 
by the late Dr. W. King, to write the second edition of the official 
“ Manual of the Geology of India ” (1893), the groundwork of which 
he had earlier compiled in his “ Bibliography of Indian Geology ” 
(1888). The second edition of the Manual was in all important 
respects a new work, though based on the first edition by H. B. 
Medlicott and W. T. Blanford, and several of the new chapters 
were of universal geological interest beyond purely Indian problems. 
Before this he had edited his father’s unpublished papers on the 
“ Cachar Earthquake of 1869’’ (1882), on the Thermal Springs of 
India (1882) and the ‘‘ Catalogue of Indian Eartlujuakes ” (1883); 
these probably first attracted his attention to siusmology, which 
culminated in his exhauvstive memoir on the “ Great Earthquake 
of 12th June 1897 ” (1900) and became the, chief ])ursuit of the second 
half of his working life, subsequent to his retirement from the Survey. 

Besides these major works, he was the autlior of over seventy 
papers, not only on the results of his stratigraphical, seismological 
and economic \\ork, but on many branches of physical geography, 
such as the cohesion of icc and its bearing on glacial erosion, ground- 
ice, land-slips, the smooth-water anchorages of the Travancore coast, 
Permian l)reccias, subterranean water supply, the ancient geography 
of India, flexi])le sandstone, facetted pebbles and blown-sand rook 
sculpture, the action of flowing water, theories of mountain forma¬ 
tion, river valleys and rook basins, alleged Miocene man in Burma, 
the Allah Band of Kachh, sandhills and explosion craters. In 
Oldham’s case versatility did not militate against that thoroughness 
which is characteristic of all his work. His originality of thought 
and breadth of vision carried his deductions from observations, far 
beyond mere description into the stage of elucidating new funda¬ 
mental laws of science. He was thus the first to recognise (in 1900) 
the most important principle of seismography, that earthquake 
waves are split up into and propagated in three distinct forms, with 
different vejocities and different paths, which are received at distant 
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places as the three well-known phases of the seismographic record. 
He also deduced (1906), from the records of distant earthquakes, 
that the earth has a core with physical properties very different 
from those of the surface shell which we know, and was able to calcu¬ 
late its diameter approximately as two-fifths of the total diameter 
of the earth. After his retirement from the Geological Survey in 
1904 he lived for some time in the Isle of Wight near his friend and 
fellow seismologist, John Milne, then subsequently at Kew with 
his unmarried sister until her death, then in winter at Hyeres in 
the south of France, where he made a physiographical and historical 
study of changes in the Rhone delta since Roman times; in summer 
he lived at Llandrindod Wells, for the benefit of his health, as he 
suffered from sprue. 

Oldham was awarded the Lyell Medal of the Geological Society 
in 1908 and was President in 1920-22. Tic was elected a Fellow 
of the Royal Society in 1911 and served on the Council of the Society 
in 1920-21 ; he was also a Fellow of the Royal Geographical Society, 
a Member of the Institute of Mining and Metallurgy and an Honorary 
Fellow of the Imperial College of Science. 


A. M. Heron. 



860 


Records of the Geological Survey of India . [ VoL. 71. 


Notes on the Geology of the Second Defile of the Irra* 
WADDY River. By E. L. G. Clegg, B.Sc. (Manch-), 
Superintending Geologist^ Geological Survey of India. (With 
Plate 28.) 


The ‘ Second Defile ’ of the Irrawaddy is probably one of the, 
if not the, best known beauty spot of Burma. No informed traveller 
to Burma fails to include the river trip by 
nfro ucton. steamer from Mandalay to Bhamo as part of 
his itinerary and the best scenic part of this trip is the eight to ten 
miles in which the river takes a big S-bend from immediately below 
Ihc Bahmo basin in passing through the craggy heights of the second 
defile. Despite the popularity of this trip and the indelible impres¬ 
sions of the physical features which remain on all who carry it out, 
and notwithstanding the popularity of the view of the high crags 
of the centre of the defile as a guide book illustration, little is known 
of the geology of the rocks which form it. 

It was visited by Griesbach and Ncetling sometime in the early 
“ nineties ”, as the former^ speculated on “ certain more or less 
crystalline rocks chiefly limestones which occur in the midst of the 
metamorphic flexures, and seemingly conformable to the latter ” 
as belonging to the Pateozoic groups and being possibly Silurian 
in age although actual proofs were wanting and the latter^ published 
a map to accompany a “ Note on the occurrence of Jadeite in Upper 
Burma ” showing the rocks of the second defile as Silurian (?) 
Crystalline Limestone. 

Since then the defile has been visited only by economic geologists 
en. route for an outcrop of lignite which occurs at Lagatyan about 
foiir miles <Iue south of Zinbon, a village occurring on the east ride 
of th<! lower narrows of the defile. It was information derived 
from one of these—^Mr. H. Day of Messrs. Bird and Company—that 
led to my visit. Mr. Day had informed me that he thought the 
defile limestones were Palroozoic and I had heard from Burma forest 
officers that rocks similar to the Mogok limestones occurred in the 
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vicinity of Yanbo about fifty miles south of the defile. The physical 
features of the intervening country seemed to indicate that the hill 
ranges followed the strike of the rocks and there seemed a possi¬ 
bility of tracing the change in physical character of the rocks of the 
Mogok series into rocks of Pateozoic age along the strike. My 

object was to ascertain whether the rocks of the Mogok series were 
metamorphosed rocks of Pateozoic age or Archsean as had been 
thought. 

The defile proper lies between the villages of Sinkan (24° 9': 

97° O') and Naungmo (24° 8': 96° 66') the former on the left bank 

at the head of the defile and the latter on the 
physical bank at the foot. One village, Zinbon, 

is situated in the defile about two miles from 
tlie lower end and is possessed of a well-kept forest rest house. The 
rest house stands on a small hill at the western end of the village ; 
its position is ideal; it looks well from the river but it is even better 
than it looks. As it lies on the concave bank of one of the big bends 
of the river, excellent views of the river are obtainable from it both 
up and down stream, up-stream for about two miles, down-stream 
for about six miles. There are two bed-rooms and the verandah 
on which the traveller lives is large and is always cool, owing to the 
bungalow catching any wind that blows, as a valley opens out from 
the defile to the south-west. 

The scenery is grand. Below Zinbon, that is, between Ziiibon 
and Naungmo, high limestone cliffs form precipitous banks on either 
side and are very much undercut by solution weathering. Behind 
Zinbon a narrow flat-bottomed valley accoinmodates the last half 
mile of the Zinbon chaung ; on the east of this valley are stc('*p furest- 
covered slopes and knife-edged spurs; on the west is a plateau with 
a 200 feet precipice as its eastern boundary. The recent rocks 
forming this plateau have at one time continued across the river 
and a similar plateau occurs on the other side set back just a little 
from the river bank. Where the Zinbon chaung enters the river 
a small delta juts out into the main stream and forms a landing 
for the Irrawaddy ferry steamer if cargo justifies it; otherwise the 
odd passenger to Zinbon is landed by village dug-out or steamer 
dinghy. Further up the river and about two miles north-east of 
Zinbon, high limestone cliffs rise nearly a thousand feet sheer fiom 
the water, whilst nestling at the base is a most attractive little pagoda 
perched on a slipped block of limestone. Hence, lower banks 
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predominate up-stream until the last mile is reached, where once 
again high limestone rocks form precipitous banks on either side. 
These terminate abruptly to the east where the defile opens out into 
the Bhamo plain. 

The rocks of the defile consist of the 
Geology. following series in descending order ;— 


(A) Sandstones, calcareous sandstones 

with intercalated conglomerates. 

(B) Serpentines [seen intruded into (C) 

and (E)]. 

(C) Calcareous sediments—limestones, 

indurated sandstones and shales. 

(D) Arenaceous sediments—^fossiliferous 

rubbly sandy strata, the fossils 
remaining only as ferruginous 
internal casts. 

(E) Older indurated series very much 

folded and disturbed. 


Late Tertiary sediments. 
Intrusives. 

> Cretaceous series. 

I 

Older sedimentary series. 


The oldest sediments form the high ridge consistnig of steep 

forested slopes with knife-edged spurs which runs south from the 

.. .. defile immediately east of Zinbon. They 

OMest sediments. i v i i i ^ 

are very mucli broken and consist of slates, 

quartzites and numerous volcanic rocks, including quartz-porphyries. 

Their age is doubtful as they are unfos8ilifei*ous but they continue 

southwards into the ridge of Tangte Hill which consists of rocks 

having all the physical characteristics of the Chaung-Magyi series, 

but as Tangte Hill as a whole forms an inlier in Tertiary sediments 

that is as much as can be said of them. 


On the foreshore east of Zinbon chocolate and fawn-coloured 
rubbly shales outcrop in the river and either underlying or inter¬ 
calated in these about half a mile east of the village is a bluish 
grey, almost schistose, fine-grained rock consisting of very much 
crushed grains of quartz, orthoclase and plagioclase felspars, a little 
irregularly distributed biotite, and small cubic crystals of iron ore 
becoming limonitised. The groundmass is microcrystalline and the 
original character of the rock was probably of a fine-grained gritty 
nature. 


The path from Zinbon to Sinkan turns south from the river 
IJ miles east of Zinbon at an occurrence of serpentine which 
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Cretaceous series. 


brecciated rock on its western margin. To the south, rocks whoso 
physical characteristics led me to class them as Chaung Magyis 
occur on the western flank of the serpentine. Where the 1,000 foot 
contour crosses the path, a chocolate-coloured shaly series similar 
to that seen on the foreshore occurs. It is difficult to know of what 
these chocolatc-coloured shales consist. They are weathered, um 
fossiliferous, and appear much softer than the series. I have 
designated them Chaung Magyis; it is possible they are the remains 
of a much later series unconformably overlying them. 

The arenaceous sediments of the Cretaceous scries are fossiliferous 
and occur from a third to half a mile west of Zinbon on the left 
bank of the river and are separated from the 
more calcareous sediments to the west by a 
hiatus in the sequence. They consist of dark, rather cleaved 

ferruginous mudslones, are very riibbly and have harder more 

sandy bands intercalated in them. The fossils occur as 

ferruginous casts but an Orbitolina wJiieh determines their age as 
Cretaceous has been isolated by Dr. fSahui from among them. On 
the point half a mile E. N. E. of Zinl)on tlujy are folded into 
a syiiclijie. Those sediments may be ' ut oft* from the harder and 
more massive Cretaceous rocks I * th«‘ west by a fiiult, since 

Dr. Salmi has re(*untly isolated an Orbitolina from tlie massive lime¬ 
stones ; also the two formal ions may probably be in normal sequence, 
but similar Crcitaccous sediments eontaining foraminifcral limestones 
apparently underlie massive limestones similar to those of the defile 
both near Mesan 10 miles to the S. H. W. and at Yaubo fifty 
miles to the S. S W. 

The more calcareous i)art of the Cretaceous series is partly 
nuitaraorpliosed and consists of indurated limestones, sandstones, 
shales and their infinite combinations. These 
sediments as a whole dip N. N. E. and, 
with the exception of the reach wliich runs from Zinl)on for 
IJ miles to the east, embrace the whole of the defile ; the massive 
limestones of the series, wliich in places appear nearly 2,000 feet 
thick, form the precipitous banks, the more arenaceous sediments 
the jungle-covered slopes. The limestones have been extremely 
fossiliferous and the remains of what app<'.ar to be large molluscan 
shells protrude from the limestone rock in a most aggravating 
manner, as attempts to extract them are unavailing. Their 
occurrence is terminated at the lower end of the defile by 


Calcareous sediments. 
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serpcntinous intrusions. East of these serpentines the sediments are 
all very indurated, contorted and fractured and sometimes almost 
slaty. Bands of purer limestone occur in them, one on the 

right bank, about ton feet thick, dips N. N. W. at 70®. 

Approaching the main limestone band from the west on the right 
bank, contortions are seen to occur and the brccciation of the 
massive limestone seems to point to thrusting along the boundary. 
The contortions might on the other hand be due solely to in- 
comi)(‘tcnce in a more elastic series, as on the left bank half a 
mile south by east of Naungmo a band of 

96" 55') to Zinbon (24^ almost pure limestone can be seen durmg tnc 
c>us sediments ^***'**^^’ low-water season folded into a syncline. 

Only a general correspondence can be made 
out between the massive limestones on either bank of the river; 
on the right bank about 1,200 feet of limestone occurs in three 

main bands, the upper two being each about 300 feet thick 

and the lower 6(K) feet; on the left bank about 550 feet of limestone 
occurs in one band, apparently dipping N. N. W. by W. at 
70®. Whether this lack of correspondence is due to normal faulting, 
or local faulting due to undermining by solution-weathering, it is not 

possibk* to say. It certainly does not seem possible for such 

thick bands to have petered out so much in the GOO yards 

wljick 8(‘pa.ratcs them. The limestone is all grey, fine-grained and 
iirgillat'cous in character and is apparently all fossiliferous. So too 
arc the. intercalated calcareous shales. Underlying the massive 
limestone on the right bank are very mixed contorted strata. The 
liniestoiK* so far as can be seen dips north-west at 70® ; contorted 
sedijjiejits are S(|ucezed right under it at the jurujtion and the boun¬ 
dary ]f)oJcs far from normal. For about 100 feet to the east of the 
boiindajy arenaceous rocks, which appear to be fairly regular, occur 
but puss (‘astwards into contorted mixed calcareous strata; they 
dip N. N. W. at 70®. Remote from the river these contorted 
cocks are overlain by horizontal late Tertiary sediments. On the 
left bank the massive limestone is underlain by mixed calcareous 
and urenaci'ous bedvS in which the more calcareous bands are up to 
thirty feet in thickness; they strike E. N. E. and are ahiiost 
vertical. Further to the east no exposures can be seen for a short 
distance and then cleaved, rubbly, ferruginous, fossiliferous, sandy 
shales of Cretaceous age occur as u syncline on an E. N. E. 
strike. 
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Two miles north-e^st by east of Zinbon the same sediments arc 
met with apparently on the continuation of the same line of 
strike. On the right bank, debris of the series 

niiydir*o!”the defile!**^ heights to the north occurs along the 

river from half a mile E. N. E. of Zinlion, 
tlic only in situ exposures that are seen being the northerly continua¬ 
tion of the serpentines occurring miles east of Zinbon. Limestone 
debris overlies these serpentines and continues along the bank to 
the main massive limestone exposure which forms the grandest 
feature of the defile. The cliffs are practically sheer for a thousand 
feet; they consist of bedded limestones, shaly in parts, and dip at 
low angles 30°) at the south end, steepening to 45"" at the 

north end ; they are fossiliferous and bands of shelly limestone arc 
clearly visible weathering out in the undercut cliffs near water-level. 
All attempts at obtaining identifiable specimens, however, proved 
unavailing. A huge fallen block provides a foundation for a small 
pagoda at the base of the fdiflf, but t^) realise the size and height 
of the block on(‘ needs to sail eJose along tht^ bank in a dug-out; 
it cannot be appreciated from the deck of a passing steamer. On 
the left bank the only solid rocks seen north of the serpentine are 
limestones similar to those on the opposite bank and must be almost 
cover'd when the river is high; they dip N. N. E. at 25°, 
form no n\arked feature and most probably have been locally faulted 
from the stHliments opposite by solution-weathering. Where the lime¬ 
stones cease at the upper end on the right bank th{‘y are andcrlain 
by ferruginous schistose shales which consist of very line-grained 
quartz in a clayey ferruginous matrix. Contortions occur in the 
latter about 100 yards from tlu^ limestone and then the scries takes 
on the strike seen below Zinbon ; the dips art* however less sttiep 
(about 40°). On the left bank opposite to the north end of the 
limestone outcrop, slaty shales dip S. S. E.; they are isola1^.d 
from other exposures and their relations cannot be made out. 
North-east of the main limestone outcrop, the river follows the strike 
of the rocks to Pt. 380 on the one inch to the mile map where 
limestone concretions occur in the more arena(;eous part of the sedi¬ 
ments and limestone debris is found at the mouth of a small stream 
which there debouches into the main river. At the point just beyond 
and to the south a tough siliceous brccciated ferruginous rock occurs. 
Under the microscope this rock is seen to consist of a microcrystal¬ 
line aggregate in which angular pieces of clayey ferruginous products 
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occur, the whole being split up by fine ramifying quartz veins. 

It appears to have the true characteristics 

**'***’ of ® fault-breccia in texture and strikes across 
OU8 oreccia. . . i i t . 

the river with the sediments, occurrmg also 

on the other side. Intercalated in it on the right bank is a much 
fractured and broken micaceous grit consisting of angular grains of 
quartz and subordinate felspar in a microcrystalline indeterminate 
matrix in which a little biotite and muscovite are present. It is 
underlain by contorted calcareous rocks consisting of fine-grained 
quartz and a little felspar in a calcareous matrix dipping north-west 
at 40"". In these, lower in the sequence, purer limestone bands 
occur and occasionally a little contortion can be seen. On the left 
bank of the river, although a general correspondence with the 
opposite bank can be made out in the lower part of the series inter¬ 
vening between the breccia and the massive limestones of the eastern 
end of the gorge, in the upper part the rocks appear to be meta¬ 
morphosed grits and conglomerates although limy bands .do occur. 
One such 3J miles north-east of Zinbon is a grey patcliy rather 
dolomitised looking rock. Under the microscope it was found to 
consist of grey fine-grained granular dolomite with larger patches 
which give a rather porphyritic look to the rock. 

The rocks described appear to overlie the massive limestones 
of the eastern end of the defile but the relations at the actual boun¬ 
daries are far from clear. One is not however likely to get clearer 
sections remote from the river. The massive limestones last 

mentioned form precipitous banks; at the eastern end they are 

very much brecciated and on the right bank terminate abruptly 
where a 20-foot serpentine dyke running north 
the *iippef enf of^he and south occurs. On the left bank the lime- 
stones form the high peak (1986) south of the 
river. Shaly intercalations occur in the lime¬ 

stone- series and on the left bank one very clear case of faulting can 
be seen. On the right bank, ne^r the eastern end of the limestone 
occurrence, cleaved shaly calcareous strata occur as a dyke about 
three feet thick in the massive Umestone ; on the left bank the 

limestone has not the abrupt termination of that opposite, and 
metamorphosed shaly rocks apparently underlie it. 

The limestones on both sides of the river dip north-west at high 
angles although in places, owing to the jointing, the dip appears 
to be much less. Stringers or ikin bands of fossiliferous strata 
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and concretions occur and it is only from these that the true 
bedding can be arrived at. The disturbance of the overlying more 
sandy strata is well seen at the contact on the left bank. 

Large scale mapping is really desirable in coimtry such as this. 
The one-inch map fails to give a true idea of the inaccessibility of 
the coimtry bounding the defile, whilst thick forest growth on all 
but the limestone scarps renders, remote from the river, the finding 
of one’s position an almost impossible task. However, from the 
detail that I have been able to include, it appears obvious that the 
limestones of the lower and upper parts of the gorge are one and the 
same but are separated by faulting which bounds the main exposure 
in the centre of the gorge on its eastern flank. The eastern is the 
downthrow side of this fault but mapping of the outcrops in conti¬ 
guous areas will be necessary before the direction of the fault can 
be specifically delineated. 

On my first casual glance at the rocks of the gorge 1 thought 
the upper and lower limestones formed the northiTly pitching ends 
of anticlinal structures; subsequent mapping showed however that 
this was not the correct interpretation. 

Tertiary sandstones overlie the Cretaceous series at Zin- 
bon and form the plateau-like liigh ground which lies to the 
west of the Zinbon-liagatyau track and that 
mJnts^ Tertiary sedi- >vhich fills in the bay in the older series 
on the right bank of tlie river north-east of 
Zinbon. The forest rest house at Zinbon is built on slipped blocks 
of ferruginous conglomerate from the same rocks. The series is a 
very mixed one, as can be seen on the old ov('rgrown track from 
Zinbon to Shwegu; it consists of fawn sandstones, flaggy calcareous 
sandstones, occasional white kaoliniseii sandstones and hard conglo¬ 
merates with quartz pebbles up to four inches in diameter, {iomc- 
times latcrite caps the surface of the series. Along the stream which 
the path mentioned follows at the junction near Ft. 559 thick conglo¬ 
merates containing pebbles of quartzite, slate and igneous rocks 
occur. Soft grits looking very like Irrawaddians of the type 
exposures overlie these conglomerates, whilst immediately north 
of Pt. 659, rubbly shales and soft sands and conglomerates dip south- 
south-west at IS"". A quarter of a mile east of Pt. 559 coarse conglo¬ 
merates overlie a series of rubbly bluish shales and fine sandstones 
in which other thin (2 inch) conglomeratic bands occur. They 
dip B, S. £• at about 20"’. Higher up the same stream near 
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Pt. 867 there is a clilf 100 feet high of practically horizontal conglo¬ 
merates and intercalated sands and grits. Nowhere did I see any 
fossiliferous horizons in this series. The series is most certainly 
unconformablc to the oldei rocks previously described; they have 
a much greater extent to the south and apparently previously had 
a much greater one still as a covering of the ‘ defile ^ rocks. They 
also occur as a series of conglomerates, sandstones and shales below 
the defile, and I noted in travelling down the river a gentle anticlinal 
fold in them along the right bank between Naungmo and Shwegu. 

Above the defile they occur to the east of the serpentine dyke, 
which terminates limestones of the upper defile on the right bank, as 
a series of soft sands, whitish and fawn in colour, dipping north-west 
at 70®. Shales and hard sandstones are intercalated in them and 
the whole are overlain by recent alluvium. 

lgn(‘ous intrusive rocks, now mostly altered to serpentine, termi¬ 
nate the Cretaceous series abruptly on both banks of the river at the 
lower end of the defile and the limestones on 
11 rus ve roc s. bank at the upper end : they also 

occur flanking the oldest sediments in the middle of the defile IJ 
miles east of Zinbon and continue across the river to the north¬ 
west. Nowhere were they found intruded into Tertiary rocks either 
in the ‘ Second Defile ’ or to the south. 

Specimens from the more unaltered parts of the intrusion at 
the lower end of the defile seem to point to an original doleritic 
rock; one, a dark bluish green medium-grained rock, consists of 
kaolinised plagioclase felspar, hornblende and interstitial quartz, 
the hornbhuide showing alteration to chlorite and iron ore ; another, 
a medium-grained dark ro(*.k, consists of an interlocking aggregate 
of olive green hornblende and kaolinised plagioclase felspar; whilst 
still another consists of an ophitic mass of kaolinised plagioclase 
felspar, colourless amphibole and epidote, and is much speckled 
with iron pyrites. 

On the spurs which run eastwards to the stream from the Zinbon- 
Sinkan track 1^ miles east of Zinbon and in the bed of the stream 
itself only altered igneous rocks are seen. A specimen from an 
exposure of light-coloured medium-grained chloritic rock consists 
of idiomorphic crystals of oligoclase, orthoclase and microcline, all 
rather kaolinised, in a matrix of chlorite; another, a fine-grained 
rock, consists of kaolinised indeterminable felspars, chlorite and 
colourless hornblende and might originally have been a dolerite. 
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In general, though, in this as in all the exposures, only dark green 
serpentine is encountered. 

EXPLANATION OF PLATE. 

Plate 28.—fJcolonioal Sketch map of Second Defile of Inawaddy river below 
Bhamo. (Seale 1 inch miles, appioximate.) 
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INTRODUCTION. 

During tlu^ course of his work on the geology of the Second 
Defile of the Irrawaddy river and the area around Mesan, ten miles 
to the S. S. W., and near Yanbo, fifty miles to the S. S. W., 
Mr. E. L. G. Clegg, Superintending Geologist, discovered certain 
fossiliferous liorizons, the age of which, on the available field evi- 
dencii alone, remained in doubt. Mr. Clegg, therefore, kindly sent 
the fossils to me for determination and the present paper is the 
result. 

Briefly it may be stated that (1) the fossil determinations prove 
the occurrence of OrbiioUm-hearing rocks in Burma. As far as we 
Resume know, this is the first record of that genus in 

the Burmese region, the first record in fact of 
indisputable Cretaceous sediments in that area. The only other 
occurrence of supposed Cretaceous rocks in Burma is in the Arakan 
Yoma, but it has been disputed whether the rocks are of Cretaceous or 
of Triassic agc^. Tipper records that Qardiia beciummti, d’Arch., a 
species characteristic of the Danian, occurs in these beds, but 

1 Tipper, G. H.. Pec. Oed. Surv. Ind,, XXXV, p. 119,(1907), and Thoobold, W, 
ffm* Oed. Surv. Ind,, X, Pt. 2, p. 134, (1873). 
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the Arials are clearly a mixed group. (2) A new species in itself not 
being a satisfactory index to the age of the beds in which it occurs 
one must rely upon morphological comparisons with other forms 
for this purpose. Comparison of Orbilolina birmanica with orbitolines 
from the Tibetan region appear to indicate that a lower Cretaceous 
(probably the uppermost Barremian) age may be assigned to at 
least a part of the Orbitolina-heaung rocks of the Second Defile 
and the neighbouring area. (3) These comparisons further prove the 
extension of the Tibetan Lower Cretaceous sea into Burma, which 
is of importance from the palseogeographical view-point. 

According to Mr. Clegg, the rocks of tlie defile consist 

Strati^rtpliical sequ- following series in descending 

ence. order^:— 

(A) Sandstones, calcareous sandstones with intercalated conglo¬ 

merates. 

(B) Serpentines (intruding into (C) and (E)]. 

(C) Calcareous sediments,—limestones, indurated sandstones and 

shales. 

(D) Arenaceous sediments,—fossiliferous rubbly sandy strata, the 

fossils j*»‘mii.ining only as casts. 

(E) Older sedimentary series,—older indurated siuies very much 

folded and distuibed. 


The topmost beds (A), resting unconforniably upon the older 
rooks, are entirely unfossiliforous and a Tertiary age is assigned 
to them by Mr. Clegg on lithological considerations and field evidence. 


Arenaceous sediments. 


The rnbbly sandy strata (D), occurring at the following localities^, 
have been (‘xamined: --No. 33, one mile south-west of Mesaii 
(24° 1' : 9G° 52'), sheet 92 D/16; Nos. A, 42 and 43, half 
a mile north-west by west of Zinbon 
(24° 7' : 96° 56'). Specimen No. 29 (only a 
fragment) from two miles S. S. E. of Mesan (24° 0' : 96° 53') 
Forest Rest House, is lithologically identical to the others but 
contains no fossils. All these contain profuse remains of molliiscan 
shells in the form of crushed fragmentary casts barely fit even for 
generic determination. Amongst these, fragments of shells may 
possibly be referred to the genera Corbula^ Trigonia, Nucula and 
Pecten, 


1 Hie. Oeol. 8urv, Ind., 71, Pt. 4, p. 362, (1337). 

^ The numbers refer to Mr. Clef’s field numbers painted on the specimens. 
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As previously reported^, lithologically these beds are similar to 
those of the Assam Cretaceous placed in the upper division (Senonian) 
of that system by Spongier^. In fact the similarity is so great 
that had the writer not been able to isolate a single specimen of 
Orbitolina, which appears to be identical with Orbitolina hirnianica 
described below from the associated limestones occurring in the 
Second Defde and elsewhere, a provisional correlation of tliese beds 
with the Senonian strata of Assam would have suggested itself. 
But the genus Orbitolina extends in range from the Lower (^reta- 
ceous to the base of the Upper Cretaceous only. It does not occur 
in rocks of younger age than the Cenomanian, that is, the lowermost 
division of the Upper Cretaceous. As will appear from what 

follows by comparison with other forms, the Orbitolina in the series 
(D) is assigned to the Lower Cretaceous. 

In the other fossiliferous series (C), as aptly stated b}* Mr. Clegg, 
fragments of fossils protrude in a most ‘ ag^>ravating ' manner from 
the limestones. But in no case could any- 

Age of the Calcare- thing definitely identifiable be recognised in 
the field. In the face of 11ns it was perhaps 
natural, on the basis of field evidence alone, to assign these 

limestones to the Paleeozoio, attaining as they do a thickness 
of 2,000 feet in places, which is rivalled only by that of the massive 
Palsoozoic Plateau Limestones of Burma and the Shan States. 
Several thin sections examined by the writer equally failed to reveal 
fossil evidence that would throw light on the question of their age. 
The discovery of two or three specimens of Orbitolina in these 

massive limestones by the process of heating and sudden cooling 
whereby specimens became partially detached from the (‘mbedding 
matrix is, therefore, significant. In view of the paucity of material 
from these massive limestones, detailed comparison of internal struc¬ 
tures are not possible, but externally the specimens isolate<l from 
samples collected at No. 6, Ku Taung (23"' 24' * 96"' 5'), sheet 93 
A/3, appear to be identical with the larger luicrospheric individuals 
of Orbitolina. hirmanica from No. 20 | mile diu^ north of Yanl)o 
(23'^ 41' : 96"’ 41'), she(d. 93 A/10, and No. 21, Maingtha Chaung 
(23"' 44' : Ofi"' 42'), sheet 93 A/10. One of the specimens from the 
massive limestones is figured in text-figures c and / and may be 
compared with figures g and h respectively, burn near Yanbo. No 
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laegalosphcric individuals, which in rock samples from Yanbo aiid 
Maingtha Chaung occur in about the same proportion as the niicros- 
pherh;, have been found in the samples from Ku Tauiig, though 
only a few blocks could be examined. On the available evidence 
therefore beds (C) and (D) should both be assigned to the low(^r 
Cret aceous, which means a great thickness of these sediments in this 
area. 

With regard to the Calcareous sediments (C), this statement 
is made with some reserve as the writer feels that lack of sufficient 
material does not give complete confidence in (‘.xpressing a conclu¬ 
sive opinion. However, the fact of tlieir (Vcta,f‘eous age cannot be 
doubted, especially as further (‘vichmee has become available since 
this paper went to press. Thin sections of specimen No. 59, from 
the right bank of the Irrawaddy river (24"^ 9' : 90° 59'), 4i miles 
E. N. E. of Zinbon, sheet 92 J)/10, examined by tlie writer and 
definitely rehured by Mr. Clegg to his C^ileareous sediments, have 
conclusively proved the presence of Orbitolina, though the majority 
of sp(‘ciniens are crushed almost btyoiid recognition. Theii* specific 
identifi(*ation is tluirefore not possible, but from their general 
charact(TS (such as arc available for examination in portions of 
isolated specimens that have p«irtially escaped crushing) their 
identity with specimens from Ku Taung in the area to the south¬ 
west may b<j considered fairly certain. 

The chief interest of specimen No. 59 from the Calcareous sedi¬ 
ments is that it is the only specimen from the Second Defle which 
has yielded Orbitolina and has, therefore, enabled the writer to 
assign a Cretaceous age to the great thickness of the massive lime¬ 
stones of the Defile proper wliich are included by Mr. Clegg in his 
Calcareous sediments (C). The remaining specimens from the 
Calcareous sediments of the Defile noted in the following list and 
<'xa.nuned by the wuiter did not yield any or])itoliiies:— 

♦Specimen No. 44 Irrawaddy river (24° 7' : Gny, fine-graiiuHl, 
96° 55'). One mile north- rather argillaceous 
west by west of Zinbon limestone. 

(left bank). Sheet 92 
D/16. 

„ „ 52 Irrawaddy river (24° 8' : Crushed grey lime- 

96° 57'). Two miles stone, weathering 

north-east of Zinbon (right to a dul black 
bank). Sheet 92 D/16. colour. 
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Specimen No. 5;) Irrawaddy river (24'' 8' : Dark grey, fino-grain- 
94"^ 57'), Two miles ed limestone with 
north-east of Zinbon calcite veins. 

(right bank). Sheet 92 
D/16. 

In addition the following specimen from the Calcareous sedi- 
ittonts of the area ten miles to the S. S. W. of tlie Defile showwl 
no trace of orbitolines :— 

Specimen No. 35 One mile S. W. of Mesan Dark grey compact 
Forest Rest House (24° fossiliferous lime- 
1' ; 96° 52'). Sheet 92 stone. 

D/16. 

The absence of orbitolines in the above noted specimens may, 
however, be duo to paucity of material available for examination, 
to unsuitable conditions or to effects of crushing and recrystallisa¬ 
tion, and does not necessarily imply that foraminifera did not exist 
in these rocks. 

One could have wished that the fossil collections from these 
horizons were somewhat better and more extensive. But their 
paucity was inevitable, as the collections were made during 
the course of a traverse across a comparatively wide are«‘i. Con¬ 
sidering the importance of the area it is very desirable that exten¬ 
sive collections should be made in order to elucidate more clearly 
the relationship and ages of the different formations. 

We now come to the important question of the relative ages of 
the Calcareous sediments (C) and the Arenaceous sediments (D) 
of the Cretaceous series. Ac(5ording to field evidence' the possi¬ 
bility of a fault between the two formations was suspected by 
Mr. Clegg. The presence as far as we know of the same orbitoHne 
in the two formations appears to indicate that these are in normal 
sequence. 

There is another point to which attention may be drawn. 
Mr. Clegg mentions (jcrtain volcanic intrusions into the Cal¬ 
careous sediments (C) and the Older sedimentary series (E)^. 
On the basis of the present determinations (C) is younger than 
series (D), and it is suggested that further examination will 
reveal the pres^mce of similar intru.sions in beds (D) also. In 
the areas mapped by tlie writer in the Northern Shan States, 
no intrusion into rocks of younger ages than the Ohaung 

* hoc. eU,, p. 359. 



Part 4.] 


Sahni : Discovery of Orbilolina in Burma. 


365 


Mugyis, wliicli correspond to series (K) of Mr. Clegg, are known. 
The massive thickness of the overlying ])n^-Cretaceous Mesozoic 
sediments and the Plateau limestones is entirely devoid of volcanic 
intrusions. 

Incidentally it may be mentioned Unit Mr. D. N. Wad dis¬ 
covered a series of Or6iVo/i^?/i-bearing beds in Kashnir interbedded 
with a great thickness of volcanic rocks, wliu li may b(^ compared 
with the OrbitoHnu beds of Burma, now unde consideration. Un¬ 
fortunately, lack of time has not permitted tlic study of tlie relation¬ 
ship between the Kashmir and Burma orbiloliiK's. 


IL—DESCRIPTION. 

Sub-family : ORBITOLININAE. 

Orbitolina hirmanicii, sp. nov. 

Ifolotype.—G. S. I. Type No. 1G345. 

[Plates 29 and ,30 and text -fig. 1.] 

Although a largt* numb^u* of >pociin(ms lias b(‘(ui isolated, only 
a single species appears to Ik* repn'sented in the sam])les from near 
Vanbo, Maingtha Chaung and Ku Taiing. Both microsjiheric and 
megalospheric forms are representt‘d m profuse numbers at the 
first two localities, but the proportion of microspherie imlividuals is 
slightly great-er. 


I.—External structure. 

Microspheric form — The microsplierie individuals ari' depressed 
eonical with a prominent central ))oss nr niamilia fi*nm which the 
test slopes at first rapidly, then gently, to tie* fairly sharp margin 
(which shows a scarcely pereeptibh* tendeiiey enrvi* u])wards) 

in the charact-eristh^ shape of a Uhiiiese straw haf. 'Fhe shell is 
irregularly circular in outline and slightly A\a\y (P atf* 30, figs. 7-11, 
17, and 19). The lower surface is <*oneav(‘, the d(*gree of concavity 
varying to a certain extent. {(Compare Plate 20, ti< 2 . P and Plate 
30, figs. 1 and 2). The specimens are on the avt rage about 5 mm. 
(or slightly less) in diameter but considerably larger individuals 
are known- th(^ largest so far isolated l)eing l‘» mm., that is, nearly 

» Jtec. Gtol. Surv, Ind.^ LXVIII, pt. 4 , p. 419, (1935). 

0 2 



366 


Records of the Geological Survey of India. [ VoL. 71. 


half an incli across (Plate 30, figs. 9, 9fl). Specimens of intermediate 
sizes have also been isolated. The largest specimen measures 
about 3 mm. in height, but the average height is not more than 
2 mm. 

Tlnfortunately, only a single specimen, out of the very large 
number isolated, shows the concentric lamollse (Plate 29, fig. 7) 
and even in this the condition of the test is not such as to piuinit 
acc'iirate measurements of the distance separating these. 

Megalospheric form .—The megalospheric individuals are distinctly 
conical (Plate 30, figs. 12 16), the apex subtending, as in the corres¬ 
ponding form of Orhitolina iihetimf Cotter, an angle of almost 90"\ 
The maximum diameter of the base is about 4 mm., the In'ight 
varies from 2 mm. to 3*5 mm. All the distinctly conical ndividuals 
arc without the central boss or mamilla and the lower surface is 
either flattened or convex, the di*gree of convexity varying to a 
certain extent. 

II.—Internal structure. 

The internal structure of (hbitoUna has been studied in some 
detail by Carter^, Carpenter^ and Fritsch* (who both referred certain 
species of Orhitolina to PalelUna), by Martin® and more recently in 
concise detail by Douvill6®. Fortunately on account of thti large 
amount of available material and by comparison with the already 
published studies, it has been possible to elucidate the internal 
structure of the Burmese species also in some detail. Plate 29, 
fig. 5, is a transverse section through a megalospheric (but somewhat 
depressed) form showing septa disposed in a regularly radiating 
manner along the periphery, but becoming irregular towards the 
central region. Plate 30, fig. 6, is a tangential section through 
another highly conical individual, parallel to and near the outer 
surface of the shell, that is the region where the septa are regularly 
disposed. The section is incomplete—the shell having been damaged 
in the course of preparation of the section. Plate 29, fig. 6, is 
another oblique section through a distinctly conical but relatively 
broader individual. 

1 Mec. Oeol. 8urv. Ind., LXI, Pt. 4, p. 352, (1929). 

2 Ann. Mag. Nat. Hist., Sor. 3, Vol. \rill, pp. 468-460, (1861). 

»Introduction to the Study of Fotaminifera, pp. 229-235, (1862). 

^ Paliwntograg^hica, SuppL III, Lief, I, pp. 144-146, (1876). 

Seich,-Mu.eum in Leiden. Vol. IV, pp. 209-229, 

• Bull. Soe. Geci. Franee, 4« Ser. Tome qnatrieniMt pp. 668-601, PL XVH, (1004). 
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The internal structure of the microspheric forms is identical to 
that of the high conical megalospheric forms except for the fact 
that in tlie former the transverse sections pass through several 
chambers and therefore become more complicated, Plate 29, iig. 2, 
is a transverse section through a microspheric form passing well 
above the basal surface. It passes through several chambers and 
shows a similar disposition of septa to that in the corresponding 
section of the megalospheric individual. The zigzag character of the 
septa, to which Douville and others have drawn prominent attention, 
is better seen m the darker part of the figure. The central portion 
represents the concavity of the lower surface filled with extraneous 
mitcrial. Plate 30, fig. 4, represents a transverse section, very 
close to the basal surface. The outer imperforate lamina and tlio 
supporting mesh structure are not seen in this section, but tlie 
(|uar(lrangulir cells arranged in concentric circles, along the peri¬ 
pheral region, giving place towards tlie centre to triangular celis, 
similarly arranged, are clearly visible. The central dark area re- 
j>r(Ments tin' basal concavity filled with extraneous material. Plate 
29, fig. I, and Piat'‘. 39, figs. L and 2, arc vertii'.al sections througli 
miiTo iphenc individuals, the latb'r two passing through the central 
boss. Plate 30, fig. G, is an onlargcmeut of a portion of the speci¬ 
mens figured in Piate 29, fig. 2. All the sections show several 
minute foreign bodies dispersed through the shell structure. Mar¬ 
tin^, Cotter^ and others liave drawn attention to these in the case 
01 the specimens from Borneo and Tibet studied by these authors 
!•eopev‘tively. The foreign bodies in OrbitoUna birmanica consist both 
of ^piartz and calcite. These foreign bodievS, " fremdkorporschen ’ 
of idirliu, are cleady seen in Plate 30, fig. 6, which is magnified 
sixty-lour times. 


in.~ AFFINITIES AND COMPARISON. 

Jn structural characters the present species resembles OrbitoUna 
tihrtica, Cotter. The shape of the microspheric forms, however, is 
difieri'iit in the two species. In 0. tibetica ‘ the upper surface has 
a central boss which spreads into a saucer shaped disc In OrbU 
tolim birmanica, on the other hand, the shell slopes Irorn the central 


A Loc. cit., p. 227, Pi. XXIV, figR. 10^12. 
2 [jOC, cU., p. 362. 

‘ Cotter, G. de. P., Loc, cit,, p. 352. 
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boss to t.lie. niafgiu wliicli is wsarcely upturned so that the boss is 
visible in iateral views, wbicli is not always the case in 0. tibelim. 

Tb(! distinction is well illustrated in text-fig. 1. The megalos- 
pbcrie. forms ai'p \'<'ry similnr in both cases. 

The conciTitib' bime.llic in 0. birmanica are not seen except in 
one sj)ecnu('ij only (Plate 2b, (ig. 7), so accurate comparison in this 
respect is nut po.ssible between the two species. 



f s ^ 


Fin. 1.—(a) Orhitohm iIbHicat Cotter. Microsphcric form (liolotype) in lateral 
vicM showing ihe characteriatio saucer-like shape (X4). (1. S. I. Type No. 

(6) tSaiue. Megalosphcric form in lateral view. (Nat. size.) Parntype. ({. S. T. 
a>l»e No. 14327. 

(r) Orbitvlina birmamcu, sp. nov. A comparatively large miorospheric individual 
from near Yaiiho, in lateral view. Margin scarcely upturned. (x3). Compare with C. 
tibetka, (fig 1«) ahovi' Paratype. O. 8.1. Type No. 16840. 

(c/) 8ame. Megalosidienc form in lateral aspect (Nat. size). Compare with 0, 
Hbeiica, (fig. 16) abo\e. l*aratypc. (1. S. I, Type No. 16344. 

(e) OibitoUm btrmanica, sp, nov. Iteconstructiun of imperfect specimen from 
Ku Tai’.ng (Calcareous sediments) in dorsal view. (Nat. size). G. S. I. Type No. 16357. 

(/) 8ame specimen, lateral view. (Nat. size). 

{g) tf? (A) Two views (Nat. size) of specimen figured in (c); for comparison with (t) 
and (/) respe<iiivcly. 

In extcriuil shape the micro,spheric form resembles Orbilolmt 
cowavo Lamarck, bnt according to Douvill^i the latter does not 
possess tbo thick coiuc.tI form, both the microsphcric and mcgalo- 
sjdicric indivkliniis having the same shape. Distinction from 0. 
rmmva, LamaTck. is, tlicicfore, well marked. Incidentally it may 
be mentioned that Yabe and llanzawa® consider that ‘ the specific 

1 Comffiics Me'ndus, A'ol. (^LV, p. 571, (Sept, 1912), 

a Science Bep. ToJiolcv Jmp, Cnirermfy, Sendai, Japan, Second Ser. (Geology), Vol. IX 
No. 1, p. 15, (1926). * ' 
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nanu* smhoH-frochus givtui by D. K. J^'ritscli in au earlier date now 
seems more applicable ’ to ilui form described under 0. ‘ conmva ’ 
from Borneo by Martin. 

The speciiis described from Slinslial near Leli by Fossa Manchini^ 
as Orbitolum pileus and 0. parma are ob\iously megalospherie and 
microspheric forms of the same sfieeios. Orhitolina parma differs in 
shajie from O, hirmanaa^ but resembles 0. tfbedea, being like the 
latter saucer-shaped. This is clearly seiui in Mancliinrs illustrations.^ 
According to Cotter these two forms are distinct on account of the 
differcuice in the interspaces separating the; conciujtiic* lamellea.^ 
The vertical section of 0. piUus given by Manchini sliows a higlily 
conical form, much more conical than any of th(* megalospheric 
individuals of (), bir^mnica so far isolated liy the writer, f)ut Manchini^ 
states that intermediate* shapes are also found, though these are not 
figured. 

The forms bearing a much closer resemblance to 0. birmanica are 
the lower Cretaceous forms from Tibet which DouvilM® has com¬ 
pared with 0. buhjarica and 0. dUvoidea. These, according to him, 
constitute forms A and B of 0, halgarica which is characterislic of 
the l;ppermost Barremiun. 


IV.-CHEMICAL COMPOSITION OF THE TEST. 


Some observations on tlie nature ol the test may be made. 

Although Douville mentions that the test in the ori»itolines is 

arenaceous^, no analvscxs stating the percentage 
CIlCtlllCAl ftllAlySCSf r 1 A j i ^ 7 ^ 

of silica content arc given. (.ott<*r^ states 

that the silica peicentagc in Orbiiolim tibvlica is 5'2G. Two analyses 

of the definit(*ly conical (megalospheric) and the definitely discoidal 

individuals of OrbitoUna hinnantra. kindlv madi* liv Br. H. K. Dutta 


^ Spedizionc It^liana l>e Filippi nell’ Hiiuaiaia, Oaraconim et Turkestan Chineae, 
Foraiuinifere del Calcaire grigio di f^civscivl (tago Tanoong), (1U13-14), 8er. 11, Voi, VJ, 
pp. 107-223, Pig. XXll and XXIJT, (1028). 

» im, PJg. XXII. figs. 5 and 6. VI XXIII, lig. 4. 

‘ Loe. eiL, p. 354. 

* Loc, cit,, p. 198. 

*In Seven Hedin, ‘Southern Tibet,’ pp. 145-14(>, Pig. IX, fig. 3; PI. X, tigs. 1.3, 
PI. XI, fig. 1. 

• BuU. 8oc, Oeol, Franeep 4th ser., Vol. IV, p. 855. 

’ Loc, cit,, p. 351. 
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Roy ill tlic Geological Survey Laboralory, gave the following per¬ 
centages :— 


— 

j CaO. 

SiO,. 

S4lO. 

FejOj and 
Al.Og. 

Megalospheric form 

• 


43*83 

16*30 

1*62 

6*0 

Microspheric form 

• 

• 

43*17 

14*88 

1*47 

4*08 


The sliglitly higher percentage of Fe^Oj and AlgOj in the micros- 
phcric forms may perhaps be accounted for by their lower conclave 
surface in which slight traces of extraneous material would remain 
adhering to the shell. In other respects the correspondence in the 
percentages of CaO, SiOg, etc., in the two forms is quite close, and 
the two analyses therefore confirm each other. 

By comparison with the above table the wide divergt'nce in 
regard to the chemical composition of the species from Burma and 
Tibet, which structurally appear io be allied, will bo noticed. 0. 
hirnianica contains 15*30 per cent, silica, whereas according to analyses 
by Dr. W. A. K. Christie ^ the silica percentage in 0. tibcfica is 
5'2G, only one-third that in 0. hirmanica. 

This confirms the conclusion arrived at by other workers re¬ 
garding the relative importance of the chemical composition and 
structural characters of the test in Foraminifera, about which there 
is considerable divergence of opinion. I quote at length from 
Davies^, who referring to Chapman’s work on Foraminifera, wrote— 

‘ later it was cinphasisod that forms within this ‘ PakUirm ’ group had arena¬ 
ceous or sub-arenacoous tests, while others were purely calcareous ; so jus Carpenter 
had already minimised the importance of structural distinctions .... the wav 
was opened for w'^hat appears to Ikj an undue emphasis laid upon the eherait^al 
composition of the test, to the ignoring of physical structure. Nor is this all for 
the impossibility of retaining all these types within a single genus has led to re- 
sub-divisions of the group being made, and we find old generic names are now apt 
to reappear in impossible comiections. Thus Chapman first described certain 
new forms, which ho found near Cairo, as ‘ Paiellina esgyptenaia ; but afterwards, 
apparently because he found them to be sub-arenaceous, he referred them to 
‘ (Jomdites cpgyptensis ’ * 


^ In Cotter, Loc. cit, p. 351. 

* Mec. Geoh 8urv, Ind,, LIX, pp. 237-238, (1926). 

* Oed. Mag, Decade IV, Vol. VII, p, 3, PI. II. figs. 1-3. (1900). 

* The Foramiofera, p. 167, (1902). 
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Davies luis furtlier poiiiid out^ that tliis-- 

‘is manifestly wrong and it is easier to believe that the composition of tlie 
test vfiriod in closely allied forms than that morphologically very similar tyjics 
should be placed far apart on the mere grounds of the chemical comjiosition of the 
test 

Similar views liav(* 1 j( en expressed by Sehliimbcrger and Doiiville^. 
As the question is nf htipoitanee and miieh geneijil iidt're.d, 1 
be 2 )ormitted to quote them in full - 

‘ Lcs caracteres tires do la cxnisiiiuiion du, test soul d’niiportanee tri‘S differcntcs ; 
tandis quo tons les naturalisics sont gcneralcmont d’ae(‘ord pour (‘onsidf^nr eonini(‘ 
un caractoc do premier ordre la nature perforck^ (»n iinpcrforee du test, la ttnnimi- 
Hon memo dc ce dernier^ calcmrc ou chUinemc et arhiac'f\ vc para It aroir quunr 
importance secondaire. On constate en effet de grandees diirerencos a ee p«)int ch* 
vuc dans dcs formes ties voisines et dont i’etroite jiarentc ii\vt pas eont(‘stabk. 
II faut ne voir l^v qu’un simple fait d’adaptation a d(‘s eondiiions d*('xist<*]iff‘ 
particnlicTCs ; los formes nageuses out normalemeiit iin test eah’ajro tandis (jne 
les formes qui vivent sur le fond sont les scuhis qui })ijisseiit (‘mpriinttT a ee diaiin i 
des rnateriaux cHraiigc^res et les utiliser j)our la eonstrudion d<‘ kur maison : le 

but poursuivi est bien eertainemcMit ici une econoinm do m,i tie re . 

vn airncivrc dc perfectkynvmtfid d qui v'cd que :<cc4a\d(U)c au jioiu! de / ta dc l,i rhs^-'i- 
Jicaiion (ic‘ loriiies tres voisincs eomme k's Alvcolnta et les poiivaiit ]'i'es»'nter 

les une un tost pon^elam^, les auties un test arenaec* et reticule* 

The (iiifertnees in the ehenuv-id eonipc'siuon of tlie t<‘d^ ^n <). 
lihvtica uJid 0. birouvnlca are therefore not such us would ])n chide 
their ossonliul ailiniiv in struclural eliurueOu'S. 


V.-_AUE of the ORBirOUNA-l^E\\im<^ BEDS or BURMA. 

Oi'biiolina birmunira being a. new species, the (juestion of tiu* 
age of tlie -bearing beds of Diirma. must rest litliei* u[>on 

ooinpansoiis with other forms of known age c.r h]K*n !iiliologi(\d 
Similarities. The Cretaceous rocks nearest to the (hfntoiuia b(‘ds 
of Burma arc those of tlie Arakan YonuC, Assam, Knsliiuir and 
'iibt*t. Orbitolina has not luvn recorded from the fornu'r Itvo aiwis, 
but it has been reeor<lcd both from Kaslimir and Tibet. Ihiho- 
logical comparisons between rocks of remote areaft cannot b(‘ al- 
togt‘th(U' reliable, as W'c have seen in the ease of the Cretac'coiis 
rocks of Assam, though in the absence of fossil evidenei' or field 

^ Loc. ciL, footnote, p. 238. 

* Bull. Soc. Oeol. Frarux, 4'“* Ser. Tome V, pp. 291, (1905). 

* As previously remarked, the presence of undoubted Crot^areoiis rocks in Md^ aifo. 
has not yet been proved, though their occurrence there is more than probable. 
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datu, tins ri'inaiiis iJa; only availalilo mtiaiiB of com-latiou. 
Comparisons with tlu; otljor species of Orbitoliwi show that 
0. hirmunico is closely allied to tlie forms r«?ferred by l)oii\ill6 to 
0. bulgarica from Tibet, which is a Lower Cretacc'ous (Uppermost 
Burremiaii) speiies. It is allied similarly to OrbiloUm tibetim 
which, according to Cotter, is probably of the same age. 

On the basis of these comparisons, 1 would place Orbitolina 
bintiauim in the liosver Cretaceous and assign to it a probablo 
uppermost Barremian horizon. This implies the extension of the 
Ijower Cretaceous sea of Tibet into the Burmese region. 
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VII —r-:XPLAN.\T10N OF PLATE3. 

Orhilolina hirmanica., sp. nov. 

Iloldlypo, S. 1, Typo No. 10.545, Iho remaining spooimons being paiatypow. 

1\.\TF. 20. Fi(k 1. Vc riioal mtion through a microspheric* form : l(», (h S. J. 
Tvjic .No. 10155^5. 

Fio. 2. Transvf'rt.e Hoction tlirough a inicrovSj)b(‘ri(‘ form p;^.^>^ing 
above the base, showing the regular disfiositaon ot » 
iioaT* llie periphery, becoming irregul.ar towards th(' central 
region. xlO. (». S. T. Ao. 1G8!^4. 

b'uj. 5. Wrtical section through a miigalusphcTif* form with a convex 
ba.«^e. 16. (1. L Type Xo. Kid.'ld. 

4. Similar seiiion through anotlier slightly broader individual. 
)^16. (J. S. I. Type No. 16336. 

h'jo. 5. Transverse section through a somewhat depressed megalo- 
sjilieric individual. X 16. Cl. S, 1. T 3 'jx' No. 16337. 

Fio. 6. Oblique section through a megalosphcric individual. XKb 
O. S. 1. Tyjie No. 16338. 

Fio. 7, Cljiper surface, showing oxjiosed concentruj lamella). X16. 
Q. S. 1. Typo No. 16344. 

T^j^att: 30, Fio. 1. Vertical section tlirough a microsphcric form. X 16. (b S. T. 
Type No. 1G339. 

hNfi. 2. Similar section through a relatively more conical microsphcric 
form passing llnough the cenlral bos.s. xlO. G. S. I. 
Type No. 16340. 

Fio. 3. Vertical section tlirough a megalosphcric form with damaged 
lower surface. Xl6. G. S. I. Type No. 16341, 

Fio. 4. Transvetse section through a microsphcric individual, pu^jsing 
very near the base, x 16. G. vS. J. Type No. 1G342. 

Fiu. 5. Gfdiquc section through an incomplete megalospheric individual. 
X16. G. S. J. Type No. 16343. 
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0. Portion of Bpccimen figui*ed in Plate 29, fig. 2, enlarged sliowiii'i 
foreign bodies. x()4. 0. 8. J. Ao. 

Pkjh. 7, 7a. MicroHplierie form. x2. CJ. 8. 1. Ty\M^ I\o. Jfi.'MJ. 

Puis. 8, 8a. Mierospheric form. X2. (i. S. L Tyjie J()34r). 

Plus. 9, 9a. An exceptionally large inu K.sjdierie Jiuiividnal. y2 

G. 8. J. Type Ko. 1()34G. 

Puis. 10, lUa. IVlierospherie form. (1. 8. 1. 'J'ype Ko. l<i:J47. 

Pics. 11, 11a. Young nuerospherie loiin. (I. 8. 1. 'J’yj»e Jso. ir»:i4s. 
Pigs. 12, 12a. Dorsal and lateral aspects of a niegaloh])lieri(' jji(li\idual 
representing an almost perfect coia*. 8. 1. Type Jvo. 
16849. 

Pjcjs. 18, Dla. Dorsal and lateral views of a niegalos])herie individual 
X2. G. S. 1. Tyiie No. 16350. 

pJGS, 14, 14a. Dorsal and lateral aspects of a niegu]os])lierie form show¬ 
ing convex base. >2. G. 8. I. Tyju* N(». 16851. 

Pigs. 15-16. 8iuiilar views of two niegalosplien(‘ individuals, > 2. 

G. S. T. Type Nos. 16352 and 16358 lespeclively. 

Figs. 17-19. Dorsal views of llirec mieiosjiherie individuals. X 2. 
G. S. 1. Type Nos. 16354, 16355 and 16356 n'spectively. 
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Note on rocks in the vicinity of Kyaukse, Burma. By 
E. L. G. Clegg, B.Sc. (Manch.), Superintending Geolo¬ 
gist, Geological Survey of India. 


* Archaean ’ 
Kyaukse. 


rocks of 


Datta*8 division 
the Kyaukse rocks. 


of 


lu Memoirs^ Volume XXXIX, Part 2, p. 34 La Touclie in 
discussj-ng the (‘xtent of the Archaean rocks states- - 

* On the eastern bank (/.c., of the Irrawaddy) the Palseozoic rocks of the Shan 
Plateau oonie right down to the plains of the Irrawaddy and the Archaean gneisses 
are found to occur only in a few outlying hills rising 
abruptly from the alluvium, including the Sagyin hills, 
mainly composed of crystalline limestone, which is largely 
quarried as a statuary marble, and Mandalay Hill which consists of the same 
marble traversed by veins of granite. 

Tlic gneisses appear again at the foot of the plateau scarp at Kyaukse, whore 
there are largo marble quarries, 25 miles south of Mandalay and beyond this they 
form a continuous band from 12 miles upward in width along the edge of the 
Southern Shan plateau, extending to the sea near Moulmein.* 

Sheet 93 C/2, which includes Kyaukse, (21"^ 36' : 96"^ 10') was 
mapped by Mr. P. N, Datta during the field-season 1911-12. Mr. 

Datta divides the rocks of the eastern part of 
this area at the foot of the Shan Plateau 
north-east and east of Kyaukse town into the 
following series in descending order — 

(1) Sandstones and quartzites—near Belin and between Belin 

and Kyaukse. 

(2) Argillites and Quartzites one mile east of Kyaukse. 

(3) Kiiinaytaung limestone, 

(4) ITbantaung shale, 

(b) Datta-taung limestone. 

(6) Siiidetauiig shale. 

Of the relationships between (1) and (2) Datta says^— 

‘ As to the rclatioutthipa of tlie sandstones and quartzites of the hills near Belin 
and between Belin and Kyaukse, as well of the argillites of the Kyaukse range: 

the argillites, i.e., the shales with sandstone bands since 
Kyaukse^rocks! transformed into argillites and quartzites overlie the 

Kinnaytaung limestone. The sandstones of Indaung, 
Kyaungywa and Belin w^ould seem to form part of one and the same band and to 
overlie the Kyaukse argillites. The quartzites two miles E. by N. of Belin either 
form paH of the Kyaukse argillites or of the sandstones of the Indaung hill; and 
if the latter the Kyaukse shale band had evidently thinned out considerably north¬ 
wards,’ 


* Field Progress Report, Season 1911*12, p. 11, 
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Datta was unable to find any fossils in any of the rocks of the 
sr»dimentary series but placed them t(3ntatively in the Paleeozoio 
group. 

Of the Kyaukse gneiss Patta says^:— 

‘ The only outcrop of gneiss occurring in the area under examination is that of 
the Kyaukse hill (21° 36' 30'': 96° 10' SO''). The question is :—was this crystalline 
mass originally granite, since altercMl through earth movements into its present 
schistose condition, or was it originally intraded as gneiss, converting the adjoining 
shales and limestones into argillites and marble, etc., pretty much as we see them 
now ? 

Now at the south-eastern extremity of the mass, /.e., by Tanda-u one mile south¬ 
east of Kyaukse, the sedimentaries do not exhibit signs of any great earth disturb¬ 
ance, the dips nearest the edge of the gneiss being about 15° (which however is 
found to increase steadily to 30° as one proceeds along the range eastwards). The 
Tndaung sandstones again (about one mile north of the Kyaukse gneiss) show no 
indication of any plication or crumpling, but exhibit a steady dip to N. by E. at 
about 20°. Hence there being in this neighbourhood no indications of any such 
great disturbance of the earth’s crust hert^ as could have converted a granite into a 
gneiss, it seems that the foliation of the mass was original and not induced later 
on as a result of subsequent earth movements.* 

On April 8tb, in tlie course of a journey to Mandalay, I stopped 
for a day at Kyaukse and examined the rocks east of the town and 
also some railway ballast quarries which exist close to the road at 
Belin, five miles north of Kyaukse. 

Of the former Datta states^ 

‘ Near Kyaukse (21° 36' 30": 06° 10' 30")—from the very eastern edge of the 
town rises a precipitous hill which is seen to extend E.—W. as a range tor about 
five miles. The liigh precipitous hill near the town constitutes the highest part 
of the range and is formed of a well-foliated felspar-quortz-biotite gneiss bearing 
the pagoda with the trigonometrical station (height 975 feet), conspicuous fur many 
a mile around. The remainder of the range, i.e., east of this gneissic mass, is com¬ 
posed of indurated micac/eous sandy shale, grey thin banded quartzite, argillites, 
micaceous schist and crystalline limestone. The shale is almost unaltered in places, 
but in others it has been converted into an argillite and mica-schist. The crystal¬ 
line limestone is well seen about four miles east of Kyaukse. The dip varies from 
15° to 30°.’ 

Of the latter Datta states^ :— 

* The hill just S. E. of Belin (20° 40' 30" : 96° 10' 30") is formed of a coarse reddish 
sandstone rather thi('k-bedded with a dip of 20° to 30° north by east. On the 

^ Field Progress Heport, Heason 1911-12, p. 1|. 

* Ibid.f pp. 6-6. 
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northern part of the hill we find Btrings and veinB of granite altering the associated 

rock into a quartzite. 

North-east of the village is a high hill striking S. W.—^N. E. Its south-western 
extremity, i,e., the part nearest the village, bears the trigonometrical station 949 
foot high and is formed mostly of quartzites, with strings of granite, while the rest 
of the range is duo to granite.’ 


The Kyaiiksei granite or gneiss is undoubtedly intrusive into the 
s(*ri(*s of sedimentary rocks which occur to the east as the strike of 
the gneissosity bands is north-south, whilst 
that of the sedimentary series is east-west, 
their dip being north at about 20°. 


Kyaukse granite. 


Furtlier, with regard to the sedimentary series, Uatta’s descrip¬ 
tion of tlu'iu as argillites and ipiartzites is not quite correct. Practi- 

Indurated sediment- calcareous. They 

ary rocks of Kyaukse consist, 200 yards east of the granite, of a 
series of well-bedded shaly limestones, very 
regular in character but with more sandy and shaly intercalations, 
the whole series weathering like calcareous gneisses. Some of the 
more solid limy bands have thicknesses up to four feet and the more 
shaly ones from O'" to one foot, whilst individual bands of limestone 
vary from one inch upwards. Close to the granite the shales are 
phyllitic and at the contact include biotite-schists. 


The main exposure of granite consists of quartz, felspar and 
biotite, large white felspars up to C'' in length being streaked out 
along the gneissosity planes into an augen structure. On the flank 
of the exposure bands of granite contain tourmaline. 

Quarrying at Belin was being carried out along the boundary of 
a granitic intrusion, granite underlying the alluvium to the west 
and tough metamorphosed calcareous sediments forming the hill 
to the east and apparently providing but a thin covering to the granite 
intrusion, as granite forms the main mass of the hill to the north- 
east. These sediments were of a much higher grade of metamor¬ 
phism than those seen east of the Kyaukse granite and consisted of 
wliite marble, diopside-granulites, hornblende (actmolite)-gneis8 and 
a dark greenish rock rich in epidote and diopside, whilst those east 
of Kyaukse consisted of calc-sericite-schists remote from the granite 
and a biotite-gneiss on the contact. The contact was not opened up 
as at Belin or possibly similar rocks to those at Belin would also 
have been found. 
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However that may be, there seems little doubt that Datta was 
quite correct in regarding the rocks of the area as a series of Palseozoic 
or later rocks intruded by granites and that 

ofihe Kywrrwkl! Touche erred in regarding the gneisses as 
of Archaean age. 

Datta’s limestones pass northwards into the Plateau Limestones 
of La Touche and if the metamorphosed series of calcareous sediments 
arc, as Datta says, younger than the limestones, then the granitic 
intrusions must be post-Plateau Limestone in age and therefore 
probably Mesozoic. 

A continuation of the strike of the limestones as mapped by Datta 
in sheets 93 0/2 and 93 C/3 to the south takes them into Plateau 
Limestones of the Kalaw area in sheets 93 D/5 and 9. Further to 
the south Sondhi has mapped Coal Measures (Jurassic) overlying 
the Plateau Limestones in sheet 93 D/7 and granites intrusive into 
the same Coal Measures in sheet 93 D/12. The possibility exists 
therefore that the indurated calcareous sediments of the Kyaukse 
area, which arc stated by Datta to overlie the massive limestones, 
were originally Coal Measures of the Shan States sequence. If 
this turns out to be correct then the age of the Kyaukse granite 
must be post-Jurassic. 


u 
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A Mesozoic coniferous wood (Mesembrioxylon shanense, 
sp. mV.), FROM THE SOUTHERN ShAN StATES OF BURMA. 
By B. Sahni, Sc.D., F.R.S., Professor of Botany, Lucknow 
University, (With Plate 31.) 
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1.—INTRODUCTION. 

The following description is based upon a solitary specimen of 
silicified wood from the Loi-an series of Burma, kindly sent to me 
for investigation by the Director of the Deological Survey of India. 
All hough by no means well preserved the spe(*imen is d(\scribed 
in some detail because, so far as I know, this is th(‘ only coniferous 
wood hitherto discovered in Burma. A number of vegetative shoots 
preserved as impressions have been described recently from th(' 
same series of strata.^ The Loi-an series is regarded by the Survey 
as Jurassic, and the evidence of this fossil is not inconsistent witli 
this view. 

n.—DESCRIPTION. 

The specimen is about 6 cm. long and 6*5 cm. in diameter. The 
pith is very eccentrically placed, but this is probably due to the 
incomplete preservation of the secondary wood on one side. In 
a naked e 5 '^e examination thew is a faint suggestion of growth-rings, 
but these are scarcely visible under the microscope. The pith is 
well preserved, but the wood shows the pitting only sporadically. 

Tramveme Hection .—The pith, 1-6 nun. wide, consists mostly of 
thin-w’alled isodiametric cells, among which a number of large 

^ Sahni, B., PaU 1ml., N. S., Vol. XI, Pt. I, (19!i^), Brachyphyllum sp., p. 22, 
pi. 11, tig. 26a; PagiophyUnm hurniense, p, 26, pi. II, fig. 266; pi. IV, figs. 48-61 ; 
Oupresitinodadits (? ThuiUe) ioalkeri, p. 26, pi. IV, figs. 52-67, pi. V, fig. 60; Cvjfressi* 
odathts bnrmevsis, p. 28, pi. IV, figs. 58-50» 
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stone-celk are scattered. About twenty-three primary xylem 
bundles project as rounded angles into the pith, giving the latter 
a stellate appearance (Plate 31, fig. 1). The narrowest tracheids are 
endarch, but their sculpturing is not preserved. The average 
diameter of the tracheids in the secondary wood is *03 mm. The 
preservation is too poor to show in the transverse section of the wood 
either the pittings of the tracheids or the structure of the medullary 
rays. 

Tangential section. The tangential section (Plate 31, fig. 2) shows 
that the medullary rays are all uniseriate and as a rule one to two 
cells high. The highest ray observed is four cells. The cells appear 
laterally compressed and elliptic in section. No tangential pits 
have been seen, but the preservation is too bad to make it cu^rtain 
that they were absent. 

Budial section.. Plate 31, fig. 3 shows a radial sc(5tion passing 
through two protoxylem bundles, with the pith between. Portions 
of the primary metaxylem and the secondary wood are also seen. 
The thin-walled cells of the pith, as a rule isodiametric, are sometimes 
considerably longer than broad; they usually have transverse end- 
walls. The stone-cells are of simple shape and usually about two 
or three times as large as the ordinary cells of the pith ; their walls 
are moderately thick, leaving a lumen about half the diameter of 
the cell (Plate 31, figs. 3, 6; text-fig. 3). The sculpturing of the 
protoxylem is not preserved. The radial pits of the secondary 
tracheids, rarely preserved, are uniseriate, circular and separate 
(Plate 31, fig. 4; text-fig. 1). The pore may be either circular, or 
elliptic and oblique. The pits in the field, visible only in a few 
medullary rays, are large borderless pits of the type of eiporen, 
one or at most two in each field (Plate 31, fig. 6; text-fig. 2). Mosi 
of the tracheids show a deceptive appearance of thick dark coloured 
transverse septa; this is due to the presence of quantities of resin 
which occurs in the form of plates or spools with a convex or con¬ 
cave meniscus (Plate 31, figs. 2, 3). Although it is possible that 
here and there parenchymatous cells with transverse end-walk 
may be present, I have not found any undoubted cells of this nature. 

Systematic position. The structure of the wood corresponds most 
nearly to the diagnosis of the genus Mesembrioxylon Seward,^ This 
admittedly artificial genus was founded to include woods previously 

1 Seward, A. C., FobbU plants, Vol. IV, Cambridge, p. 203, (1019). 
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described under Podocarpoxyhn Gothan, Phyllochdoxylon Gothan 
and Paraphyllocladoxylon Holden. Our species shows a combina¬ 
tion of characters which is not found in any other wood known to 
me. Its chief distinctive features are the faintly visible growth- 
rings combined with the very low medullary rays, the eiporen, the 
very numerous resin plates in the tracheids and the large stone cells 
in the pith. 


Mesetnbrioxylon shanense, sp. nov. 

Diagnosis. Growth-rings scarcely visible under the microscope; 
resin canals absent, but numerous resin plates or spools in the 
tracheids; wood parenchyma not seen. Pith parenchymatous wdth 
scattered stone cells, surrounded by numerous endarch primary 
bundles. Radial pits uniseriate, circular, separate, pore round or 
elliptic and oblique. Medullary rays uniseriate, very low, usually 
1-2 cells high, cells laterally compressed, pits in the field one (rarely 
two) large, borderless (Eiporen). 

Locality. —In tlic railway cutting half a mile east of Loi-an 
station, near Kalaw, Southern Shan States. Collected by Ur. L. A. 
N. Iyer, Geological Survey of India. 

Horizon Loi-an Series. 

G. S. I. Type No.--lC3r)8. 

Comparisons. —In individual features our wood resembles several 
s])ecios, e.(j., M. schtmidw (Kub.) Sew.^ from the Cretaceous or 
Tertiary of Austria; M. gothani (Stopes) Sew.^ from the Aptian 
of England ; M. parOiasarathyi Sahni* from the Upper Gondwanas 
(Jurassic) of Southern India; M. malerianum Sahni^ from beds in 
Rewah, Central India, which most probably also belong to the Upper 
Gondwanas* and M. sewardi, Sahni® from the Walloon series 
(Jurassic) of Queensland. In the first three and in the last named 
species the pith has been found preserved, and in all cases it contains 
sclerotic cells, but there are several points of difference. Thus in 
the Madras species the medullary rays are much higher and the 

^Seward, A. C., Fossil Plants, Vol. IV, p. 209, (1919); Kubart, B. Oeat, Bot, 
Zeitachr., LXI (5), p. 161, (1911). 

•Seward, A. C., Loc. cH., p. 207, (1919); Stopes,M. C. Brit. Mua. Catalogue, 
p. 228.(1916). 

» Sahni, B., Pal Ind., N. S., Vol. XI, Pt. II, p. 60, (1931). 

• Ibid.f p. 63. 

Ubid., p. 116. 

•Sahni, B,, Queensland Oeol Surv. Publicatioa No. 267, p. 23, (1920). 
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field pits are not eiporcn. M. goi/uini seeins a little closer to our 
species, but the rays are somewhat higher, while the pits in the 
field are not so large and are oval in shape; moreover, the ordinary 
cells of the pitli, apart from the stone cells, are rather thiokwalled. 
In M. schwemlw the medullary rays arc higher, and the field pits are 
usually bordered, with an obliquely vertical pore, though sometimes 
there is a single large eipore. M, malerianuni resembles our plant 
in its very low medullary rays, but has several bordered pits in each 
field. Lastly, M. sewardi has in each field a single large circular 
eipore, resin spools in the tracheids and low medullary rays—features 
in which it approaches M, sfmtsnse. But the two species are very 
different in the structure of the pith, which in the Australian form 
consists entirely of thickwalled cells. 

M. sewardii moreover, has very sharply defined growth rings, 
even the spring and autumn wood within each ring being clearly 
marked off from one another. 

III.~-AFPINITIES. 

In the first place we might enquire if this wood can have belonged 
to any of the conifers whose vegetative shoots have been described 
from the Loi-au series. A correlation of fossil woods with detached 
vegetative shoots must always remain a matter of uncertainty, 
because inevitably our genera have to be more or less artificial. The 
w^ood genus Mesembrioxylon, as Professor Sir A. C. Seward has 
clearly stated,^ 

‘ undoubtedly includes species which if additional data were available would 
be assigned to distinct genera 

Although, thanks chiefly to the work of Professor Gothan, oui’ 
knowledge of coniferous woods is now sufficiently advanced to make 
it highly probable that Mesembrioxylon is pre-eminently a genus 
of Podocarpinean conifers, we must not forget that this genus some¬ 
times grades into Cupressionxylofi in such a way as to make the 
distinction almost vanish. In dealing with these borderline species 
the only helpful criterion lies in the medullary ray pits of the spring 
wood, 

‘ the pore being narrow' and more or less vertical in Mesembrioxylon (“ podo- 
carpoid pitting ” of Gothan), wider and more nearly horizontal in Cvpressionxylon 
(“ cupressoid pitting ’ of Gothan) 

^Seward, A. C., Fossil Plants, Vol. IV, p. (1919). 

’•hahuj, n., rul. InU., JS. S., Vpl. JQ. Pt. 11, p. S3, (1331). 
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Til is criterion can only be usefully employed iu well preserved 
specimens in which the spring wood is avaiht)>le. Our specimen 
is neither well preserved nor has well marked growth-rings. But 
fortunately the critical character of the medullary ray pits is quite 
well seen : wherever the pits in the field are preserved at all they 
are clearly of the type of eijmreii, that is, large, borderless pits, 
in which the question of the vertical or horizontal position of a slit 
does not arise. That section of Mesembnoxylon in which the held 
pits are of this typ*‘ se(»ms to belong to the Podocarpin<*a^ r.itlier 
tlian to the Oupressiuea). Sclerotic cells iu the pith are also a well 
marked character of the Podocarpinea*. Our specimen is therefore 
fHost probably the wood of a> podocarp. 

As regards the vegetative shoots, two of the four species were 
referred to (^upressionttcladns (( Tkuiies), one to Pagiophylluw and 
on<‘ to Braehphylluw, The probable affinities of these shoots 
have aln*ady been <iiscuased elsewhere.^ ^bily the hrsi-named 
genus can be assigned with any confidence to a known family, namely 
the ('upressin(‘a‘, and it setuns out of the question that our wood 
should belong to that group. One or two species of the genus Brachy- 
pliyllunt possibly belong to araucarian eonifms but tln^ affinities 
of th<‘ majority ol .species ar<‘ (pute unknown; sonu* of tliem may 
well be l\)docarpinea', PaginphyUtan is an equally artificial group, 
among which members of more than one family are almo.st e(‘rtainiv 
represente<l : and it is not impossible, thougli of course have 
no proof, that Mvs^>mhrw:rylon shanvHse belonged to Pagiophyllum 
burnuo}s<\ Without further data, however, these disms.ions aie 
rather futile. 

The upshot is that our fossil, the only p(‘irilied conifer yet knowui 
from Burma, is vers probably the wood of a podocarp w'hu‘h may 
or may not liave 1 belonged to one of the species of vegetative shoots 
({(^scribed from the same region. As we shall see presently, th« 
question of the affiniti(‘s of tlie plant is important from the geogra¬ 
phical point of view. 

IV. PALAEOGEOORAPHICAL CONSIDERATIONS. 

It wouhl be interesting to know^ wdiether the affinities our 
fossil lie more with some species from the Far East, or with membeis 
of the Gondwana flora. Paleeobotanical evidence ch'arly suggests 

1 Salmi, B., Pal. Ind., N. 8 ., Vol. XI, Pt. II, p. 106, (1931). 
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that during the early Mesozoic era Szechuan, Yunnan, and Tonkin 
formed parts of a botanical province rather distinct from Gondwana 
Land.^ About the distinctness of these two provinces in the late 
Pateozoic there is no doubt whatever: this is shown by the great 
contrast between the Glossopteris flora of India and Australia and 
the Gigantopteris flora of China and regions further south. It was 
this pateobotanical contrast which first suggested that the two 
regions must have been originally separated by an ocean barrier 
and the belt of marine sediments in the meridional range of 
mountains in the Assam-Burma-Malaya region must obviously have 
formed the barrier in question. Towards the end of the Palaeozoic 
and the early Mesozoic the barrier appears to have become less 
effective: the sharp contrasts of the earlier floras were not main¬ 
tained. It is a significant fact that the mountain belt in Burma 
lies west of the Shan plateau, which therefore cannot have formed 
a part of Gondwana Land. Detailed work on the fossil floras of the 
Shan States should probably confixm this suspicion, already 
suggested in 1931® by the affinities of some of the conifer shoots 
from the Loi-an series. In fact all the available geological evidence, 
recently summarized by Wadia,^ seems clearly to go in support of 
this view. 

The above considerations suggest that this fossil wood from 
Bast Burma should be compared with any species of Mesozoic conifers 
that may be found in China and Japan or in other parts east of the 
meridional mountain belt of Burma-Malaya, 1 am not aware of 
any fossil woods of the Mesefnbrioxylon type yet described from the 
Far East, but our knowledge of petrifactions from that region is 
still very imperfect. 


V.-QEOLOQICAL AGE* 

As stated, the genus Mesembrioxylon was founded to include 
woods previously described under Podocarpoxylon Gothan, Pht/Uo- 
dadoxylon Gothan and ParaphyUocladoxylon Holden. These 
genera, taken together, range in geological age from the Jurassic 
to the Tertiary.® The new species therefore does not contradict a 
Jurassic age for the beds in which it was found. 

^ Sahni, B., Joum, Ind* Boi, Soc»^ October 1936. 

* Halle, T. G., PaUsont. Sinica^ Ser. A, 2(i), pp. 288-290, (1927). 

» Sahni, B., PaL Ind., N. S., Vol. XI, Pt. II, pp. 116-117, (1931). 

* Wadia, 1). N., Himalayan Journal, VoL VIII, pp. 63-68, (1936). 

* Seward, A. C., Foseil Plants, VoL IV, p, 173, (1919). 
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VI.--SUMMARY AND CONCLUSIONS. 

This new species of Mesemh'ioxyhn from the Loi-au series, 
probably tlie wood of one of the Podocarpinece, is characterised by 
poorly marked growth-rings, very low medullary rays, large eiporen 
in the field, numerous resin plates in the tracheids and a thin-walled 
pith containing large scattered stone cells. 

The only fossil conifers previously known from this area were 
a few vegetative shoots collected in the same series of strata. 

The Podocarpineas may be represented among these shoots but 
we cannot say this for certain, as some of the shoots belong to highly 
artificial genera {Brachyphyllumy PagiojyJiyllum). Whether the fossil 
wood belonged to the same species or genus of conifers as one of 
these shoots must therefore also remain an open question. 

Although poorly preserved, the fossil is of inter(*st as the first 
petrified conifer to be found in Burma, a region of considerable 
importanci' from the plant-geographical point of view. Previous 
work on the flora of the Loi-an scries and of the adjoining regions 
of China and Indo-China has suggested that Eastern Burma during 
the Palaeozoic and early Mesozoic had more affinity with the Far- 
Eastern botanical province than with Gondwana Land. The 
affinities of the new species are not clear but its geographical position 
suggests that it will probably turn out to be related to an oriental 
type rather than to one from the Gondwanas. 

The genus Mesembrioxylon ranges in age from Jurassic to Recent. 
The occurrence of M. shaneme in the Loi-an series does not con* 
tradict a Jurassic age suggested for these beds on other grounds. 

My thanks are due to Mr. K. N. Kaul, M.Sc., for the photographs 
and camera-lucida sketches illustrating this paper. 
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VIIL-EXPLANATION OF PLATE* 

All the figures aie untouched photographs. The type specimen 
and figured sections aiv preserved at the (Geological Survey of India, 
Calcutta (Registered (I S. I. Ty|)e No. I(»358). 


Memnhriojcylon skifieme. sp. nov. 

Platk 31, Ftc. 1. Transverse section showing pith with stone cells, endareh 
protoxylem and wckxI devoid of growth-rings. (> 36). 

Fio, 2. Tangential s(*c?tion showing low nuxhillary rays and resin plates 
in tracheids. (/ 200). 

Fig. 3. Radial section through pith and early wowl. ( 32). 

Fig. 4. Radial section showing bordeied pits and resin plates in 
tracheids. (x ca. 600). 

Fio. 6. Radial section to show eiporen in medullary ray. (x ea. 600). 

Fio. 6. Radial section to show structure of pith, (x 121). 
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Some Foraminifera from Intertrappean beds near Rajah- 
MUNDRY. By S. R. Narayana Rao., M.A., AND K. 
Sripada Rao, M.Sc., Department of Geology, University 
of Mysore. (With Plates 32 and 33.) 

CONTENTS. 

I. —Iktroduction. 
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in. —Bibliography. 

IV.— Explanation op Plate .... 

l.-INTRODUCTION. 

The material used in the present repoit wa.s collected from the 
following localities:— 

Paugadi.—A village about eight miles to the west of Rajahmundry. 
1 he samples (‘xamined consist of :— 

1. A blue calcareous marl, occurring as a tolerably persistent 

seam at the topmost horizon of the inter-trappean seri(^s 
in this region. Tlie bed varies in thickness from a f(*w 
inches to nearly a foot. It is crowded with marim* 
shells and the finer sift.ings show calcitc' casts as well 
as the actual tests of foraminifera. 

2. A compact, hard, fossiliferous limestone which attains a 

thickness of 12 ft. and probably more. This limestom^ 
is rich in foraminiferul and algal remains—the latter 
represent(‘d by three to four genera of the family Dasyrkt- 
dairaeA Tn this compact limestone, the separation of 
the foraminifera from the matrix is almost impossible 
and many of the identifications had to be made from 
thin sections. However, on the weathered surfaces of 
thes(* limestones, the tests of foraminifera may sonn*- 
times be seen protruding and their external characters 
made out. 

^Two of these —NeomeriB and AciculoHa —are abundant at certain horizons and 
.seem to have contributed materially to the formation of the limestones. A joint paj i'i* 
(d. Pia, S. K. N, Itno and K. S, Rao,) deaerihing the Rajahmundry miero-tlora will 
a|>{>ear elsewhere. 
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Kateru,—A village on the eastern bank of the Godavari about 
three miles north of Rajahmundry town. The sample examined 
consists of a green calcareous mud with abundant remains of Chara 
fruits. The finer washings show occasionally, well-preserved, though 
very much dwarfed, forms of foraminifera. Many of these forms 
are identical with those occurring in the Pungadi blue marl. It is 
evident that the Kateru Chara marl and associated limestones were 
deposited at the mouth of an estuary, which was in communication 
with the open sea in which the marine Pungadi limestones were 
formed. 

The Rajahmundry beds must have been deposited during the 
great marine transgression which, in the words of Dr. C. S. Fox.^ 

‘ Appears to have attained its maximum extent about the time of the eruption 
of the basaltic lavas (the Deccan volcanic period) in the Peninsular region of India.* 

The marine micro-fauna of Rajahmundry is therefore of more 
than usual interest and a detailed study may be of considerable help 
in establishing the stratigraphical relations of these beds wdth those 
of other areas of the southern marine province. 

The present report has no pretensions to completeness and is 
intended to serve as a basis for future work. More data have still 
to be collected before any very satisfactory conclusions can be drawui 
regarding the age of the deposits or the depths at which they were 
formed. The fauna, so far identified, without being specially indi¬ 
cative, is not inconsistent with the following general conclusions. 

(1) The sea in which the oceanic deposits of the Pungadi area 
were formed gave place, in its slow regression, to gulf and estuarine 
conditions. The Pungadi marl (the topmost horizon of the marine 
inter-trappean series) and the Kateru Chara marl were simultane¬ 
ously deposited when the estuarine conditions were established. 
The abundant occurrence of typical pelagic forms like Orbtdina and 
SpJiOiroidinella' in the lower horizons of the Pungadi limestones, 
indicates that the physical geography during the Intertrappean 
period started with marine conditions of moderate depth. The 
deposits were probably formed very near the land, for there is. a 
(iomplete absence of siliceous remains like those of radiolaria. This, 
according to Brady^, is inconsistent witli the occurrence of deep 
oceanic deposits far from land. 

iJJec. Qeol, Surv. Ind., LXm. p. 187, (1930). 

• Brady, H. B., Quart. Jaum. Oeol. 8oc., Vol. 48, p. 197, (1892). 
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Regarding the age of the beds, there are few restricted forms 
which can be definitely assigned to any horizon. It is however 
significant that typical Cretaceous forms like Pseudoleprhilaria, 
Gumbelina and Ghbigerina creiacea are either very rare or altogeth<'r 
absent. On the other hand forms like Orbitoidiae and Nmnmulitrs, 
typical of the warm seas of the Eocene age, are also absent. Accord¬ 
ing to data now available, the evidence of the foraminifera s(*(nns 
to be ill favour of using the name Palaeocene. 

We desire to take this opportunity of recording our indel)ted- 
ness to Mr. F. Chapman, A.L.S., F.R.M.S., Commonwealth Pateonto- 
logist of Australia, wdio kindly checked our identifications. Our 
thanks arc also due to Prof. L. Kama Rao, M.A., F.G.S. Central 
College, Bangalore, for aid in the preparation of this paper and 
to the Director, Geological Survey of India, for his kindness in helping 
us with literature. 


II.—DESCRIPTIONS, 

FAMILY: MILIOLIDAE.^ 

Genus: SiGMOILINA, Schlumberger. 

Sigmoilim, several species. Though several species are repre¬ 
sented in tliiu sections of Pungadi limestone, sections satisfactory 
for a specific determination are not found. 6. S. I. No. K 40/248. 

« 

Genus : TrilOCULINA, d’Orb. 

TrUocuUna a£F. loBvigata, d’Orb. 

(Plate 32, figs. 1 and 9.) 

The exterior of the test is composed of but three chambers coiled 
end to end. Early chambers are quinqueloculine. Lengtli from 
()•.'> mm. to 0-3 mm. Found in the Pungadi limestones. G. S. I. 
No. K 40/249. 

Family: LAOENIDAE. 

Genus: RoBULUS, Montfort. (CrISTRLLABIA of many authors.) 

clasBificatioii and naming adopted is that followed by Cushman in his 
* Foraminifera—their classification and economic uses, 1933.* 
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Robnl'us sp. indet, 

(Text fig. 1.) 

A dwarf form. Test iwvutiloid, compressed, with well developed 
keel. Rounded knobs along the periphery. Wall smooth, chambers 
numerous^ costee and umbonal region raised, aperture elongate. 



Fio. 1 .—Robidus sp. indtU 

Diameter 0*27 mm. It, fomostis, figured by Cushman,^ most nearly 
resembles our specimen. 22. fomosus differs in having peripheral 
si)ines instead of knobs and being much bigger in size. G. S. I. 
No. K 40/250. 

Robulus cf. ocddentalis, 

(Plate 32, fig. 8, text-fig. 2.) 

Tlie keel is thin and transparent. The walls of the qliam1)ers 
are porcellanous. This agrees very closely with 22. occiderUalis,^ 
described and figured by Cushman from Jamaica. 



Fio. 2, —jRobnlns of. occide^Ualitt, 


^ Cushman, J. A. & Jarvis, P. W., Jour. Pal,^ Vol. 4, p. 358, and PI. 32, fig. 10, 
(1930). 


»Cushman, J. A. & Jarvis, P. W., Jwir, PaL^ Vol. 4, p. 357, (1930), 
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Both t.h(‘ abov(‘ Hp(»cies show marked aWiiiities with known 
Tertiary species. Tliey arc* found veny conunonlv in the* Pungadi 
marl and Katerii (Jhara marl. G. S. J. No. K 40/231. 


Genus: NoDOSARlA. 

Nodosaria zippei^ Reiiss. 

(Plate 32, fig. 2.) 

A single^ sctgment of this species w’as noticed in one* of tlie sections 
from the Pungadi limestone. Wall calcareous, tubercnlak*. Diameter 
of a segment, 0-3 mm. This species is regarded by (liapman^ as a 
restricted form found invariably in the* upper Cretaceous. G. S. I. 
No. K 40/252. 


Family : NON ION ID AE, 

Genius: Nonion, Montfort (Syn. Nonionina, crGrb.). 

Nomon sp. imht, 

(Plate 32, fig. 5.) 

Tc‘st nautiloid, bilaterally symmetri(*al, witli numcTous ciiamliers 
Wall pcTforatc. Maximum diamc^ter noticed 0-2 mm. This species 
ai)pears to be identical with Nonkmina sp., a PaIa*oc(‘ne foramini¬ 
fera from the* Samana Kange. figured and described by Lt.-Col. 
Davic's.*^ The ♦Samana fossil is slightly unc*oiled whicii, according 
to Cushman, is c’fiaractenstic* of the adult form of this genus. G. S. I. 
No. K 40/253. 


Family : HETEBOHELICIDAE, 

Genus: G^mbelina, Kgger. (Textulakia of some authors). 
Giimbelina globifera, Keiiss. 

(Plate 32, fig. 0.) 

Test minute as is the case with this species; tapc*riug, biserial, 
with round chambers. Length, 0-5 mm. There is a single specimen 
in our collection. G. 8. 1. No. K 40/254. 


* Ohapiuan, F., (I). Avtinlti »/ the Suiiih African Aliteeutii, Vol. 12, pt. 4. p. 117. 
•Panes, 1.. M., Pot. M., N. 8., Vol. XV, pt. 6. p. 77, PI. 10, fip. H, (l»30). 
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Family: GL0BI6ERINIDAE. 

Genus: Orbulina, d’Orb. 

(hbulim cf. 0. universa, d’Orb. 

(Plate 32, fig. 7.) 

The test is spherical, with the earlier chambers missing. 
Diameter of test, 0-3 mm. This specimen resembles 0. universa 
described and figured by Galloway and Morrey.* Regarding this 
genus, Galloway^ writes, “ Test spherical in the adult, completely 
embracing a globigerinoid nucleoconch in the microspheric form 
which is missing in the mcgaspheric form, and possibly at other 
times by resorption”. Orbulina is a typical pelagic foraminifera 
and is restricted to Tertiary and later formations. This species is 
very common in the Pungadi region. 6. S. I. No. K 40/256. 

Genus: Sfheboipinelia., Cushman. 

SpheroidinelJa sp. 

(Plate S3, figs. 1 & 2.) 

Test ovoid and inflated. Wall hyaline and coarsely perforate. 
Diameter of test, 0-6 mm. Diameter of pores, 0*02 mm. nearly. 
This also is a pelagic form quite frequent in the Pungadi limestones. 
6. S. I. No. K 40/256. 

Family: GLOBOBOTALIDAE. 

Genus : Globotbuncana, Cushman. (Disoorbina and Botalu of some 

authors.) 

Globotrunoana ep. 

(Plate 33, figs. 11 & 12.) 

Chambers globose, and cancellated. Much eroded fragments of 
these were noticed and a specific determination is not possible. G. 
S. I. No. K 40/267. 

1 Galloway, J. J. A Maigaret Mon^., Jour. Pal., Vol. 5^ No. 4, n. 349, PL 40, 
fig. 1, (1031). 

> Galloway, J. J., A maniial of Pomninifera, p. 388, (1988), 
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Genus: Qloborotalia, Cuslinmn. 

Oloborotalia of. G. menardii, d’Orb.^ 

(Plate 32, fig. 4.) 

Dorsal side of the test is strongly convex while the ventral side 
is slightly concave. Peripheral margin thin, wall calcareous and 
perforate. The tests are minute and more than one species is re¬ 
presented in the finer washings of the Pungadi and Kateru marls, 
G. S. I. No. K 40/268. 

Family : ANOMALINIDAE. 

Genus: Anomalim. 

Anonudina radios Reuss. 

(Plate 32, fig. 3.) 

Test much compressed with numerous chambers. This is a 
shallow water species restricted to the higher levels of the Pungadi 
limestones. G. S. I. No. K 40/259. 
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IV.-EXPLANATION OF PLATES. 

Platb 32, Fig. 1. Trilocidim aff. Uemgata. X 100. 0. S. I. No. K 40/240. 

Fig. 2. NodomrUi zippei, a snigle segment. X 100. (i. S. I. No. 

K 40/262. 

Fig. 3. Anomalim radio Itouss. X 60. 9. S. I. No. K 40/260. 

Fro. 4. QloboroUdia d. 0. Meaardii, d’Orb. X 100. G. S. 1. No. 
K 40/268. 

Fig. 6. Xonion sp. ind. X 120. G. S. 1. No. K 40/2rh}. 

Flo. 0. GUmbelina globifera, Rouss. x 160. G. S. I. No. K 40/254. 
Fig. 7. Orhdinn of. 0. tmiverm. x 100. G. S. 1. No. K 40/256. 

Flo. S. Hofndua of. Jt. occidenMia, by reflected liglit.. X 80. G. S. 1. 

No. K 40/261. 

Fig. 9. Triloculina nff. heidgata, by reflected light. X 00. G. S. 1. 
No. K 40/249. 

Plat* 33, Fig. 1. A section of Pungadi limestone showing Spkeroidinella sp., 
Olobolrunmm sp., and fragments of calcareous alga, Actcu- 
laria. x 80. G. S. I. No. K 40/266. 

1 10 . 2. A section of Pungadi limestone showing Spheroidiruila sp., (Tfo&o* 
trunnam sp., and the calcareous algse NeomerU and AcieU‘ 
ktrk. X 60, G. S. I. No. K 40/267. 
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Holosporella cf. H. siamensist PiA, FROM THE Rajahmundry 
Limestones. By S. R. Narayana Rao, M. A., and 
K. SrIPADA Rao, M. Sc., Department of Geology, 
University of Mysore. 


Holosporella, a name introduced by Dr. Julius Pia^ for a new 
genus of calcareous alga of the family Dasycladaceae, hitherto known 
from a single locality, has recently been found in the limestones 
associated with the Rajahmundry volcanics (Deccan trap series) 
near Pungadi (17° 01' : 81° 89')—a village about 8 miles to the 
west of Rajahmundry town. 

Holosporella siamensis, Pia., th(j original species on which the 
genus is founded, was figured and described by Dr. J. Pia in 1930, 
from the Kainawkala limestone (Upper Triassic) collected from 
th(* Burmo-Siainese frontier. He described the Siamese fossil 
as a sporangial tube of a Dasycladaoeae otherwise devoid of calci¬ 
fication,'* The sporangial cyUnder in this genus, is, according to 
him, formed of sporangia situated in the axial cell of the alga and 
hence its description as an ‘ endosporc * Dasycladaceae, The 
presence of an axial perforation distinguishes this new genus from 
Aciculella and Acicularta, while the absence of the calcareous skele¬ 
ton or casing distinguishes it from Diplopora, An ‘ endospore * 
axial cell is considered to be a primitive character found more 
commonly in the Palaeozoic and Mesozoic genera. 

A noteworthy feature of the Triassic Dasycladaceae is their limit¬ 
ed vertical range. Species appear to have changed with great 
rapidity. The unexpected find, therefore, of a Triassic species in 
beds as high as the Deccan volcanic period is of considerable 
interest. 

The matrix in which the present specimen is imbedded is an 
extremely hard, compact limestone. Foraminifera and calcareous 
aigse, chiefly Neomeris and Acimlaria, have contri^nited in no small 
measure to the formation of this limestone. Holosporella is very 
rare and even then represented by a few small fragments. We may 

»JSec, QtoL fSurv, Ind., LXIII, pp. 177-181, (1930). 

B 2 
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probably account for the rarity of this genus in a fossil condition 
to the absence of a protective casing of lime, which is well develop¬ 
ed in some forms like Neomeris and Diploporay enormously increas¬ 
ing their chance of preservation. 

The following description is based on slide G. S. L No. K 40/260. 

Description. 

Holosporella cf. siamensis, 

Thallus cylindrical with a relatively broad axial tube. Wall 
fairly thick with a single row of spherical sporangia. Tlie calcare¬ 
ous matter filling the cavity is crystalline, while the sporangial 
cavities are filled with a dark opaque matter probably carbonace¬ 
ous in character.^ 



Fio, I.— Holo^jmella of. fdavwmitii*. 


Measurement's. 


Outer diameter of eylindcr 
Diameter of eentral }H*rfora1 ioti 
Diameter of {?lobnli‘fl . 
Thickness of membrane . 


IJohsparella Holoaponlla 

from llajahmundry. siamenaii*. 

about about C‘4mm. 

» about 0*2]mm. about 0* 15mm. 

0*12—0*15mm. , about 0*21 mm. 
about 0*01 tnm. about 0*01 min. 


I Pia, J., Jovr. Pal, Vol. 10, p. 6, (1036). 
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Remarks. —its perforated thallus and the absence of the outer 
skeleton encasing the axial cell, the Rajahmundry fossil agrees 
with Dr. Pia's definition of the genus Hohsporella. In general 
appearance and dimensions, it appears to be specifically identical 
with the Siamese fossil. Dr. Pia, who has examined our specimen, 
while confirming the identification, was kind enough to supply the 
foDowing valuable and interesting notes:— 

‘ 1 am not able to find out any essential difference between your fossil and 
my H. siamensis from the Upper Triassic of the Burmo-Siamese frontier. The 
measurements are well witliin the probable variability of one and the same species. 

This occurrence is obviously most perplexing. A Triassic age of the Inter- 
trappean beds is, of course, out of the question, not f)nly for geological reasons, 
but also on account of the algal genera AcicuJaria and Neomeria found in them. 
On the other hand, the proofs given for the inclusion of the Kamawkala limestones 
from the Burmo-Siaraese boundary with the Upper Triassic (Gregory, 1930, and 
the following papers in the same volume) seem to be convincing enough. It would, 
however, be against all our experience to suppose that a si)ecies of the Dasycladacece 
did survive from the Triassic into the Tertiary or oven into the Upper Gretaceous 
time. 

Two other explanations will have to be kept in mind. It Tuay be tliat the 
geological structure of the limestones near the Thaung.sin river is much more 
complex than we suppose. On the <ith<'r hand tluj genus Ilohspoulh does not 
yield as many clear characters for the definition of a sjieeies as l)asifcla<hict*(n\ with 
a more complete calcification of the thallus, do. Similar sporangia! evlindcrs may 
have been formed in the axial cells of algjc very diiferent with res)>oct to the stiue- 
ture of the branches. To make a choice between these two ]>o88ibililies w'e have 
to await further discoveries. In any case the existence of an endospore Daay- 
dadaceae in so high a geological horizon is quite unexpected a fact and probably 
a new instance of the survival of primitive forms in tropit al regions.* 

It may however be mentioned that this is not the first instance 
of such a record in India, as far as fossil algae are conccrnccl. for 
Dr, Walton^ has described Triplopordla, originally regarded as an 
extinct Cretaceous alga,^ from the Ranikot beds (Lower Eocene) 
of Sind. G. S. I. No. K40/260. 


LUerature cUed. 

(1) Pia, J.,—A new Dasycladaceae Holosporella siamensis, nov. gen,, 
nov. sp., with a description of the aUied genus Aciculelh Pia, Rec 
Oeol Surv. Ind., 63, pp. 177-181, (1930), 

1 Walton, J., Bee. Oeol. Surv. Iml., LVI, pp. 213.219, (1924). 

* Seward, A. C., Plant life through the ages, p. 423, (1933). 
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(2) Pia, J.,—(‘alcareouB algae from the Upper Cretaceous of Tripoli 
(North Africa). Jovr. Pal., Vol. 10, p. 6, (ll36). 

(3) Walton J.,—On a calcareous algae belonging to the Triplo- 
poreUeae {Dasycladaceae) from the Tertiary of India. Rec. 6eol. Surv. 
Ind., 66. pp. 213-2iy, (1924). 

(4) Seward A. C.,—Plant life through the ages, p. 423, (1933). 
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A Note on the Maleri Beds of Hyderabad State (Deccan) 
AND THE Tiki Beds of South Rewa. By N. K. N. 
AiyenGAR, M. a., Field Collector, Geological Survey of 
India. (Wrth Plate 34.) 


Among the Gondwana rocks of India, the three chief places 
where Triassic reptilian fossils occur are, (1) near Deoli in the 
Panchet rocks, Raniganj coalfield, (2) around Maleri in the Pran- 
hita-Godavery valley, Hyderabad State, and (3) at Tiki in south 
Rewa. 

The writer was deputed to collect reptilian fossils near Tiki in 
1929-30 and 1935, and Maleri in 1936. As these localities were not 
easily accessible, few' geologists have visited them in recent times. 

(1) Deoli. 

The presence of Triassic reptilian fossils has already been record¬ 
ed in the Panchet beds of the luiniganj coalfield. They occur 
chiefly 

* Just^ North of tho village of Deoli, near Bakulia, jaid alnnit quarter of a 
mile East of the mouth of the Besraui stream, a considerable expanse of rocks is 
exposed ill the bed of the Darauda, ISoutli of the channel occupied b}' the water 
in the dry 8eas<m, and heio a bone bed was found, containing detached, and, fre- 
(juently, rolled l>ones, vertebra', and fragments of jaws with teeth; they are not 
vt'ty abundant, but a eonHiderabJe number were procured. {Some were also foimd 
in another spot in the Damuda, a little East of the village of Diklia and fragments 
ol bone were occasionally met with in other localities.’ 

The fossils from thes<' lieds have been described by Thomas 
Huxley^ and W, T. Rlunford^. The latest account of these Panchet 
beds is to be found in xMr. E. R. Gee’s memoir on the Raniganj 
coalfield.^ 

(2) Maleri. 

Maleri (Marweli of the map, sheet 56 M/12 ; 19^ IP : 79° 36') 
is a village ten miles E. N. E. of Ilechni Road railway station on 

» Mem, QeoL Surv, Ittd,, 111, Pt. 1, p. m, (1861). 

» Qtiart, Jemm, Oeol 8oc„ XVII, Pt. 1, p. 362, (1861). Fal. Ind,, Ser. IV, Vol. 1, 
Pt. 1, (1866). 

»PaL Ind., Ser. IV, VoJ. I, Pt. f, p. 26, (1866), 

« jtfem. (hole Surve Jndey LXT, pp. 54*69, (1932). 
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the Kazipet-Balharshah section of H, E. H. the Nizam’s State 
Railway in the Asafabad district of Hyderabad. 

Though the earliest geological work in this area began as long 
ago as 1833, definite geological and palaeontological work of interest 
was first commenced by the Rev. S, ffislop' in 1866. Later investi¬ 
gators were T. Oldham^, W. T. Blanford*, T. W. H. Hughes^, 
R. Lydekker^ and W. King®. 

The writer’s work was chiefly confined to the central part of 
the Maleri formation around Maleri itself, though he traversed 
some parts in the southern area as well. The present description 
refers mainly to the country in the neighbourhood of Maleri. 

The coimtry near Maleri is slightly undulating, with a few 
shallow streams. The land is covered either with black cotton 
soil or Maleri red clays. In some places 

* ® chipped rocks (Pateolithic flints) are found. 

As in the case of the Tiki formation, which will be described later, 
in the Maleri beds sandstones are subordinate to clays. A good 
and complete section of the rocks of the Maleri formation is not 
seen near Maleri itself, but after examination of some of the expo¬ 
sures south-west of Maleri and at the water gate of Rampur village 
(PI. 34, fig. 1), the writer thinks that the following generalised 
section will give an idea of the probable stratigraphy of the forma¬ 
tion near Maleri:— 

Feet. 

Black cotton soil.2--4 

Sandstone boulder bed. 2 

White or light grey, felspathio, occasionally calcareouB, aaud- 
etone. (In some places tliis sandstone is considerably de* 
composed and mixed with much kankar) .... 4—7 

Nodular, cherty looking, calcareous rock (seen south-west of 
Maleri). 5 

Fine grained thinly laminated, grey calcareous sandstone, 
showing false bedding. 5 

Coarse rubbly calcareous sandstone. (This bed has yielded 
reptilian fossils in certain places).2^ 

Bed clay,—thickness not known. 


^ QuarL Joum. QeoL jS/oc., London, XVU, p. 348, 1861, XX, 
Jovm, Bombay Br. R. A . 8,, Vol. VI, p, 202, (1861). 

* Mem, Oeol. 8urv, Ind,, I, pp. 295-309, (1859). 

» Mew. Oeol. iSwrr./ad., IX, pp. 396-330, (1872), Pal. Ind. Ser., 
pp. 17-23, (1878). 

* Rcc, Oeol, 8urv, Ind,, IX, p. 86, (1876). 

^Pal Ind, Ser„ IV, Vol. I, Pt. 5, (1886). 

* Mem. QcoL 8urv, Ind,, XVIII, Pt, 3, pp. 118-123, (1881). 


p. 280, (1864). 
iVt.VoL 1, Pt. 2, 
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Fossil collection. 


Owing to their softnesB, the red clays do not show any bedding, 
but the mbbly sandstone bed immediately overlying them shows a 
dip of 10°-12° in a north-east or N. N. E. direction. 

Though the Maleri formation extends from Sandgaom (lO” 35' : 
79° 42') to Semnapali (18° 42' : 79° 54'), a distance of about 60 
miles, reptilian fossils have been found only in the central part of 
this area, that is, between Maleri and Nannial (19° 4' ; 79° 38'), 
and in the Angrezapalli (18° 48' ; 79° 47') outlier. The reason 
for this appears to be that the beds containing fossils have been 
well exposed in these places owing to the gentle dip, which has allowed 
rapid weathering of the rocks, and has also prevented the fossils so 
exposed from being washed away by rains. Such is the country boun¬ 
ded by the villages, Teklapalli (19° 8' : 79° 36'), Nannial (19° 4' : 
79° 38'), KanepalU (19° 9' : 79° 40'), Venkatapur (19° 11' : 79° 38'), 
Bhimni (19° 12' : 79° 38') and Achlapur (19° 10' : 79° 32'). 

Owing to the flatness of the country and constant cultiva¬ 
tion, fossils are sparsely distributed. One of the best methods 
adopted by previous workers like Hislop and 
Hughes for collecting fossils in this area which 
met with much success, was by “ beating ” (PI. 34, fig. 2). In 
making further collections, the same method was followed by the 
writer, whose provisional identifications of the fossil collections from 
Maleri are as follows :— 

(1) One mile north-east of Maleri in the stream exposures. 

Hyperodapedon huxleyi, Lyd.—Maxilla, deutary bones and 

scutes. 

Paramclius sp.—Teeth, vertebrae and imperfect limb bones. 

Belodon sp.—Limb bones. 

Unio sp.— 

(2) Half a mile north of Maleri in the black .soil. 

Hyperodapedon sp.—Vertebrae and bones. 

Labyrinthodont.—^Dentary bones. 

Unio sp.— 

(3) One mile north-west of Maleri in the red clay. 

Hyperodapedon sp.—Maxillae. 

Vnw sp.— 

(4) One mile soutii-weet of Maleri. 

I.<arge limb bones, vertebrae, scute.s, maxillary and dentary 
fragments, probably belonging to Belodon. All these specimens 
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were collected at one spot, and they may belong to the same 
individual 

(6) About five furlongs north of the last mentioned locality, 
were found two large ? Dinosaurian vertebrae and two or three 
species of the fish Ceratodus. In addition to these fossils, copro- 
lites are abundant about half a mile W, S. W. of Maleri. They 
are generally greenish yellow in colour varying in size from that 
of a walnut to a cocoanut. In shape some are fiat and cake-like, 
some cylindrical, spiral, reniform or botryoidal In cross section 
they present a central core surrounded by layers of iron-impregnat¬ 
ed material. The nature of the material of these coprolites coDect- 
ed has not yet been examined. 

(6) One mile E. S. E. of Achlapur. 

Hyperodapedoii sp.—^Bones, imperfect maxillse. 

Vnio sp.— 

(7) Half a mile north of Rechni village. 

Remains of Hyperodapedon sp. and Unio sp.; the lattcir are 
much smaller in size than those found at Maleri, 


(3) Tiki. 


Tiki (Sr' 22' : 23® 66') sheet 64 E/5, ivS a small village about 
seven miles south of Beohari, and about fifty miles north-east of 
the Umaria coalfield in south Rcwa. The best route to this locality 
is via Sutna and Rewa. 

Reptilian fossils were first noticed near Tiki by T. W. H. Hughes 
about the year 1879, during the course of his survey of the south 
- , , Rewa Grondwana basin^. The collection 

Kreviniftt 

made by him in this area has been described 
by Lydckker^. Dr. G. de P. Cotter,® who visited this place during 
the year 1910 to investigate the relationship of the Tild beds with 
the Parsora formation, also collected some reptilian remains near 
Tiki. 


Like most Gondwana areas, the country around Tiki is slightly 
undulating. The softer red clays and sandstones have been much 
Topography denuded. Wherever harder rocks like the 

ferruginous sandstones of the upper division 


‘ Hee. Qeol. Burv. Jnd., XIV, Pt. 1, p. 136, (1881). 

• Pal. Ind., Ser. IV, VoL I, Pt. 6, (1883). 

*Sm. Oeol. Burv. Ind., XLVIlJ, Pt. 1, p. 27, (1917). 
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protect the clays below, they give rise to flat-topped hills, like the 
Hartala and Beohari hills. 

As already mentioned the rocks can be divided into two distinct 
lithological divisions. The upper division is chiefly composed of 
hard ferruginous sandstones with rounded 
t oogy. pebbles at the top. These beds overlie fine¬ 

grained grey hard sandstones with red laminations, and some purple 
shales. Some good varieties of such rocks are quarried near Beo¬ 
hari for building purposes. So far no fossils, either plant or animal, 
which would help in determining their age, have been found in 
these rocks. They may represent the upper division of the Tiki 
beds or may be younger than the latter. The lower division, 
known as the Tiki stage, in which reptilian fossils, fossil wood, 
and fresh-water shells like Unio occur, is made up mostly of red 
and green clays with subordinate sandstones. These sandstones 
arc often calcareous. Fine green laminations and green clay galls 
are very characteristic of these sandstones, and in some places the 
calcareous matter segregates on the surface of the sandstones near 
Tiki and forms a thick vermicular encrustation on them. False 
bedding is very common, and calcified or carbonised fossil wood is 
sometimes found. The red clays, being softer and more easily 
denuded, form the lower ground. They are full of yellow kankar. 
The red clays make their first appearance in the Son Kiver section 
a mile up the stream from Giar. The following section, which is 
seen on the right bank of the Son at Giar (23'' 30' ; 81'' 19'), may 
be taken as a type one for the Tiki beds :— 

Feet. 

8iiiceou» Handstones, grey and brown in eoloiir with dteoni- 

posed fols|>ar8 and clay gulls ...... 15 

Fine>grained grey sandstones \\ith interrupted green hiniinu* 
tions, false-bedded, and oont»iniug partly euiboniKed and 
calcified fossil wood ...... .1 

Weathered calcareous rubbly grey saiidstone ... '2 

Fine*graiuod sandstone. 2 

Bright red clays,—thickness not known. 

This section has also been noticed by Hughes. 

Though the red clays arc found to cover a considerable area, 
fossils have been found only in those south of Tiki. In this locality 
reptilian and molluscan fossils are found on the much denuded 
clays. Most of the fossils are covered with calcareous matter and 
are much worn. Not a single fossil was seen in situ. It is not 
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definitely known &oin which beds these fossils are derived, but some 
fhigments of fossils were enclosed in a rubbly calcareous matrix 
which occurs above the red clays. The writer, however, noticed 
in the Godaveiy area that fossils were present in such calcareous 
sandstones. The following fossils were found in the collection 
made near Tiki 

Huperodapedon hudeyi, Lyd.—^Fragmentary palato-maxillse, 

dentary bones, vertebra, etc. 
fDinosaurim. —Tooth. 

Belodon sp.—^Fragmentary maxilla, vertebra and teeth. 
Parasuedius sp.—Limb bones, scutes and teeth. 

An interesting frontal part of the internal cast of a saurian 
skull was also collected. 

Vnio sp.— 

(Fish teeth, which are fairly common in the Maleri area, have 
not been found at Tiki.) 

EXPLANATION OP PLATE. 

Plate 34, Pro. 1. —^Exposure of Maleri beds at Rampur near Maleri. 

Pro. 2.—Searching for reptilian fossils at Maleri, Hyderabad State. 
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The Structure of the Himalaya in Garhwal. By J. B. 
Auden, M. A., F. G. S., Geologist, Geological Survey 
of India. (With Plates 35 to 37.) 
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i,_introduction* 

The object of this paper is to summarise my present views 011 
the structure of the outer Himalaya between the Jumna River and 
Lansdowne, as well as to introduce a preliminary interpretation 
of a profile across the Garhwal Himalaya from the Plains to the 
Main Himalayan Range. 1 shall not discuss lithology, or the 
stratigraphical relationships of the various rock groups. That 
will be reservetl for a Memoir which it is hoped to write* shortly. 

At intervals during the last eight years it has been my duty to 
make a detailed survey of the lower Himalaya, working south-east- 
ftom liat, SrN, : Long. 77®E. to Lat. 30®N. : Long. 
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78® 30' E. The region with which this paper is chiefly concerned 
lies east of Long. 78°E. and is about 1,600 square miles in area. 
In addition traverses have been made to the snowy ranges up 
the Alaknanda and Bhagirathi branches of the Ganges river. The 
whole region is included within Survey of India map No. 53, on 
the scale of 1: 1,000.000; see Plate 36. 

1. Historical. 

In 1864 H. B. Medlicott published the first connected account 
of the geology of the lower Himalaya*. The area he described 
is about 7.000 sq. miles and lies for the most part west of the Tons 
river, centering around Simla. Important though this memoir is, 
it has little direct bearing on the region east of Long. 78®. More¬ 
over, Medlicott’s work has already been discussed by 6. E. Pilgrim 
and W. D. West® and later to some extent by myself®, so that it 
can be omitted from the discussion which follows. 

Between 1885 and 1890 C. S. Middlemiss carried out detaOed 
surveys in three areas of the Eumaon Division :— 

(1) along the outer Himalaya between the Ganges river and 

Gungti hiU (29° 45' : 78® 65')«; 

(2) around Dudatoli mountain (30° 03' : 79® 12')®; 

(3) the Siwalik ranges from the Ganges to the Nepalese fron¬ 

tier®. 

It is with the first area that we are most directly concerned, 
since it overlaps that in which I have worked and since it afforded 
indications of enormous tectonic movements in the Himalaya. 

In 1891 (\ L. Griesbach published a Memoir on his survey within, 
and north of. the Main itimalayan Hange*. 

Between 1883 and 1888 R. D. Oldham published accounts of 
His mapping in the Chakrata Tahsil of Dehra Dun district and in 
regions to the west of the Tons river*. He was unfortunate in 
working on an isolated area of exceptional geological complexity, 

1 Mem. Oeol. Svrv. Ind., Ill, (1864). 

*Op.eit., Lin, (1928). 

» Hec. Oeol. Svrv. Ind., LXVII, p. 367. (1934). 

• Ree. Oeol. Snrv. Ind., XX, p. 33, (1887). 

'Op. cit.,p. 134,(1887). 

• Mem. Oeol. Sun. Ind., XXIV, (1890). 

» Op. eft.. XXin, (1891). 

• Sec. Oeol. Svrv. Ind.^ XVI, p. 193, (1883)} XXI, p. 180, (1888). 
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the southern part of which even now, after a fuller survey of the 
surrounding regions, has not yielded any satisfactory solution of 
structure. 

After an interval of forty years, detailed mapping was begun 
in the Simla area by Pilgrim and West, who demonstrated for the 
first time in that part of the Himalaya the existence of great over- 
thrusts^. I was attached to the Himalayan party in 1928, and, 
working to the south-east from Subathu, have joined up with the 
area already mapped by Middlemiss south-east of the Ganges river. 
A paper of mine on the Geology of the Krol Belt was published in 
1934 in which the portion of the outer Himalaya between longitudes 

and 78° was described^. A further paper w^as published in 
1936 describing trav(»rses carried out in the Karakoram, Garhwal, 
eastern Nepal and Sikkim®, 

2 . Topographical and Geological Zones in the Garhwal 

Himalaya. 

Before describing the tectonics of the Garhwal Himalaya in 
greater detail, a l)rief mention may be made of the zones into which 
it can be divided. Topographically the following zones may b«* 
distinguished :— 

1. Siwalik Range and Dun. 

2(a). Outer lower Himalaya, with an intricate network of 
spurs and rivers. 

(h). Inner lower Himalaya, with simpler to])ography. 

3. Main Himalayan Range, with steep scarp slopes facing 

towards the Plains, and gentler dip slopes facing Tibet. 

4. High peaks north of the Main Himalayan Range with 

irregular disposition. 

The structural units do not fit into this topographical classifica¬ 
tion, since, in some parts at least, three structural units are superim¬ 
posed one upon the other. The main tectonic divisions for the 
Garhwal Himalaya are as follows;— 

(1) Autochthonous unit. The base of this unit is probably 
the Simla slate series, overlying which occur Nummulitics, 

1 Mem. Oed. Surv. Jnd., LIH, (1928). 

* Eee. Geol. Surv. Ind., LXVH, p. 357, (1934). 

*Op. cit., LXIX,p. 123, (1935). 
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Murrees and Siwaliks, Thrusts occur within this unit, 
but do not seem to be of premier magnitude. The 
most important thrust is that which has long been 
called the Main Boundary Fault. This Autochthonous 
unit appears to occur well within the Himalaya, some 
twenty miles at least from the Dun. 

(2) The Krol Nappe, thrust upon the Autochthonous unit, 

and corresponding to the Krol Belt described in a previ¬ 
ous paper of mine. 

(3) The Oarliwal Nappes, thrust upon the Krol Nappe. The 

main Garhwal Nappe may root in the Main Himalayan 
Range. 

(4) T1)c Main Himalayan Range, which appears to be made 

up partly of elements common to one of the Garhwal 
Nappes and partly of a distinct group of para-gneisses 
and schists. 

(t5) Tlie gi'aiiite zone to the north of the Main Himalayan Range, 
containing granites intrusive into the southern para- 
gneisses and schists. 

(h) The Tethys zone of fosailiferous sediments. The relation¬ 
ship of this zone to the granites and para-gneisses is 
at present obscure. From the work of Hayden in 
Spiti it would appear that the gneissic granite, which 
may be Permian or Tertiary in age, has an intrusive 
contact with the Cambrian. The recent work of 

Professor Arnold Heim and Dr. Gansser may cle^r up this 

question. 

The greater part of this paper will be devoted to a discussion 
of the Antochthonons, Krol and Garhwal units oceurring in the 
outer lower Himalaya. Before examining the results of recent 
work, it is necessary to summarise the interpretation given by 
Middlemiss to the outer lower Himalaya south-east of the Ganges 
river, 

II.~-MIDDLE 1 VHSS, 1887. 

In 1887 Middlemiss published his im|)ortant paper on the 
Physical Geology of West British GarhwaP, This was followed 

> Qeoh Surv. Ind., XX, p. 33, (1S87). 
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by a lti(Mnoit oft thft Siwalik rocks in 1890^. The earlier work 
appears to have been carried out within two seasons, and one is 
a&axed at the extent of ground covered and the general accuracy 
of the fnappiftg. The only complaint is that, in a region offering 
so many problems, Middlemiss should intentionally have omitted 
elucidation of all except the most pressing one. The succession 
as determined by him is given below:— 
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part of the area) md inwards towards the schistose rocksi 

he remarks:— 

* One seems almost to conclude that If a boring were sunk through the 

centre of the schistose area, we should inevitably strike tl^ Tal beds below \ 

Middlemiss then attempts to prove that this conclusion would 
be wrong, claiming that the facts 

'not only render the above interpretation unacceptable, but emphatically 
negative it 

Firstly, he states on page 37 that if the Tal beds in reality 
continue below the schistose series, it follows that the Nummulitics, 
where present, must do the same :— 

* that is to say, a soft, shaly, tertiary rock, not only must lie as a foimdatum on 
which the schists are piled, but also must be beneath them in direct contact \ 

Such a case of selective metamorphism is ruled out as impossible, 
from which Middlemiss concluded that the schistose series must 
be older than the Nummulitics, 

Secondly, having established that the schistose rocks are older 
than the Nummulitics, he argues that they must have been moved 
by reversed faulting against the Nummulitics. The argument on 
page 38 is a little mvolved, but the conclusion is that a combina¬ 
tion of the * sigma-iexure ’ with a reversed thrust plane is suffi¬ 
cient to explain the relative positions of the Outer and Inner Forma¬ 
tions. 

This same argumf‘ni is repeated in Memoirs^ Oeohgiccd Survey 
of India, 24, pp, 73-77, (1890), namely that the Nummulitics must 
be younger than the schistose series, and that tho rocks of the Outer 
Formation arc separated from the overlying schistose series by a 
reversed fault. On page 74 of this memoir the fault is stated to 
dip in one place at about 26° northwards, As is also shown in Section 
VI. 

It is necessary, therefore, on this thesis, to imagine a reversed 
fault, of ring shape, everywhere dipping inwards oentripetaily 
below the schistose series. 

The argument of Middlemiss is weak, because it does not succeed 
in proving, as he imagined, that the schistose ..series cannot com¬ 
pletely overlie the Nummulitics and Tals. It only indicates that 
the schistose series are older than the NummuUtlos tibat their 
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position with respect to the Nunmiulitics cannot be a normal strati- 
graphical one* It suggests nothing about the nature of the disloca¬ 
tion which has caused the Nummulitics and schistose series to be 
brought together by an abnormal contact. Middlemiss chose to 
assume a ring-shaped reversed fault and therefore an essentially 
autochthonous disposition, but did not consider the possibility of a 
great overthrust bringing the schists and slates to overlie completely 
the Nummulitics and Tals. He refers to the Scottish Highlands 
(pp* 33, 34), and specifically mentions the solution to the problem 
there by Peach and Home, but considered that the Garhwal area 
examined on its own merits did not warrant a similar explanation. 

I hope to show later that the evidence does in fact point to the 
conception of a great overthrust. 

The problem remained as Middlemiss left it for exactly fifty 
years. His map has been reproduced in both editions of ‘ A 
Sketch of the Geography and Geology of the Himalaya Mountains 
and Tibet * and in Wadia’s ‘ Geology of India but no attempt 
has been made in these publications to discuss the dfficulties of 
structure implied by accepting the interpretation which Middlemiss 
adopted. His account was, however, read independently by 
Mr. West and myself, both of us feeling the excitement of the 
possibihty of nappe structures latent in it. 


III.—RECENT SURVEY, 1935*36. 

During the last three seasons I have mapped east of Longitude 
78®E. and have joined up the succession which I had established 
around Solon (described in 1934) with that of Middlemiss. Before 
reaching the Ganges river, I found both in 1935 and in 1936 stmctures 
in Tehri Garhwal which seemed to me to settle the validity of Middle¬ 
miss* condemned impression. Now, having examined part of the 
Garhwal area, some of it in detail, I am convinced of the existence 
of great overthmsts. There are, it is true, many difficulties in¬ 
volved in a region almost devoid of fossiUferous rocks, except the 
Tal limestone, (the fossils in which are so broken that no certain 
age has been assigned to them) and the Nummulitics, and in which 
there appear to be recurrences of rock types throughout the assum¬ 
ed stratigraphical succession. Yet some of the features seem clear 
lUld wor^ recording apart from those that are less explicable. 

? 2 
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!fhe fttikninng tablfeB f^tvh ^6 fchfl teftkdiuo iISfcJiWi' 

sions whicb I have deiennihed eitai 6f 78**. To tfi<i 

second table has been added stioooasida fotttid by Middkmiiai itt 
Garbwal in 1887 :— 

SiteciHiaH koA oj Lo*i§Uui6 TIPS. 


Fonnatloiis. 


t^noonfonattileK. 



Mnrroe (AlmoRt alwent east of l^ong. 78*) , 


Ifammulltic. 


Tallimastone and Calo grit 


r Uiqier Tal qilartritM 
Tal .4 

1 Ixiwer Talidtateft 


Upper Krol dolomltM, limestonai 
and shales. , 

Krol red shales 

. Lower Krol Umcstones and shales 


Infra Krol slates 

Upper Blalnl lionlder bed and 
dolomite. 


Blalnl slates .... 
Lower Blalnl boulder bed . 


Kagthat 


Ohandpiir 


Simla slates. ivMwibly equivalent to the Ohand 
pnr series, altlutiigh dltferent ih fitnoKi^. 

Uolerltes. 



gl 

iPirdt»a1^ age. 

d,ooo 



f 

Lowef MiooeOe. 

T 

Booene. 

200 

Upper Cretaceous t 

4,500 

Creiacoons ^ 

2,000 

JfiiraBsio J 

8,000 

Trias 1 



1,000 

Permian 

2,000 

t Taleliir<Uxaliaa). 

3,000 

Bevoaian? 

4,oo0r 

TiOwer PoBboaolc 
and pre^Cain* 
briahl 


LaleTeetlarp. 
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Tetiri GAThval And British Garhwal. British Qarhwal, Mlddlcmiss, 1887. 


OtMUdinir (mstsmorphosed). 


iMcr Sehistose series. 


Oarhw&l Nappes 


mmmrnGarhml Thru 


Nagfchst 1 

Hiittle metamorii(ho8> 
Cbasdpur J ed>. 

Boalder beds, dates and Umestones 
oi uaoertain stratigraphieal hori- 
sod omr la tm otmit below 
taetamoiphosed Ohandpurs. 


Nammittlitlo 


iverml fault * 


NeminiiHUc. 


Krol Nappe. 


-JCfor Ti 


Aoteolithgwraa . 


Krol.I Massive Li mestaiie. 


Nagthat 1 

>iBetainoEPtiQBed and 
Chandpur J umaetamorphosed. 


Dagshai, Nuiumalitlc 


Voleanl Breccia in an undiifer- 
entisted group of I'urple Slates 



81mta slates. 


I. Astech fl t flBo w s . 

1. SlWAUKS. 

The stxuotUFe of the Siwaliks east of the Gaines has akcady 
been described by lUBddlemiss, whose illustrative sections are 
ohts^ in Indian geo>tosicai Uteratore. Between the Jumna and 
Gnnges rivers \k& poain structure is an anticline in the Siwalik 
Range (the axis of whi(di is s%htiiy oblique to the topographical 
ali^unent of the range), a syncline forming the Dun valley, and 
to die :^rtli*eaBt an overtp^i^ fmticline yrhich is truncated on the 
north idde by the Main Boundary Faidt and the Krol Thrust. 
Bae base ai the £hwa£k8 is no^hw s^p, btit it is prosumed that it 
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consists ol NnmmuUtios atiennated Bagshai »x^ testang (m 
Simla slates; Section 1, Plate 37. 

2. Daobhai am) NuMMmjnos. 

Tbe Main Boimdaiy Fault, in the sense originally used by 
Medlicott, sepaiates the Siwaliks from the older Tertiaries which 
have been tinnst upon them. East of Long. 78° the Dagshai 
rocks (Mnrrees) are very seldom seen, and the chief fault is the Krol 
thrust which has brought pre-Tertiaries forward so as to rest direct¬ 
ly on Siwaliks. This Erol Thrust has been called the Main Boundary 
Fault both by Middlemiss and myself, but, although it does in fact 
form the northern boundary of the Siwaliks over some of the area 
between Dehra and Naini Tal, it is not the same fault as that to 
which Medlicott originally assigned the term^ 

In the neighbourhood of Solon and Subalhu, Dagshai and 
Subathu rocks (Murree and Nummnlitic) rest upon Simla slates 
and have been overthmst by the rocks of the Krol Nappe. This 
is well seen around the north-west end of Pachmunda Hill and 
along the Blaioi river^. 

Dagshai rocks are seen along the Tons river by Kalawar (30° 32': 
77° 49'), on the left bank of the Amlawa river at Kalsi, and as a 
very imrrow outcrop running in a south-east direction to about 
Long. 78° 02J'. They are thrust by a steep reversed fault (Main 
Boundary) upon Nahan rocks and are themselves overthmst at a 
gentler angle by pre-Tertiaries (Erol Thrust). Lenticles of fossili- 
ferous limestone in the Dagshai rocks of the Tons river suggest 
that Nummulitics may be present there as well. 

Between Dehra and Bikhikesh, Nummulitics together with cin- 
dery nodular sandstones, which are probably Dagshai, rest upon 
Simla slates and have been overthrust by the rocks of the Erol 
Nappe. They occur in two windows which will be described in 
greater detail in the next section. Probable Tal rocks occur, 
though poorly exposed, in the Chandna Bao at 30° 10' : 78° 16' 
evidently to the south-west of the Erol Thrust and belonging to 
the same tectonic horizon as the complex Nummulitio and Tat 
association of Banas Talk and Banas Malk (29° 67' : *78° 21'). 


»Muldlsmiss, 0. S., Mm. Gtol. Burv. Ind., XSXV, vp, IB, St, (1890); 
XXXVUI. p. 337, (1908). 

Audeu, J. B., See. Oeol. Burv. Ind., LXVU, p. 431, (1984}. 

*See. Oeol. Burv. Ind., UCVU, p. 488, (1934). ' , 
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Within the Himalaya, Nnmmnlitics are seen resting upon Simla 
slates at Sayasu (30® 42' ; 77® 44'), and from just north of Dabra 
(30^ 40' : 77® 49') down to the Tons river. In the Tons river 
Dagshai rocks are almost certainly present in addition to the 
Nummulitics. 

Numerous faults and thrusts occur in the rocks of this zone. 
It is possible also that the Tertiaries may have been pushed bodily 
over the Simla slate foundation, with the Nummulitics acting as a 
lubricating horizon, in a manner comparable to the anhydrite 
horizon at the base of the Mesozoic succession of the Jura Moun¬ 
tains. These movements are probably, however, of less magnitude 
than those involved in the Krol and Garhwai Nappes, and the term 
^ autochthonous ’ seems to be justified. 


2 . Krol Nappe. 

The maximum thickness of tlie sticcession in the Krol Nappe is 
of the order of 20,000 feet (6,1(M) meters). This succession is a 

Lack af invctaiou the disposition of numerous 

exposures of cuiTcnt bedding in the calc grit 
of the Tal limestone^ and in the Tal and Nagthat quartzites, shows 
that these particular stages are not invert^ed, and therefore that the 
whole succession is in the corre<*/t order. This is important because 
it eliminates the possibility of repetition of certain facies by recum¬ 
bent folding. Thus, the Tal and Nagthat quartzites cannot be 
regarded as belonging to a single horizon which has been duplicated 
by recumbent folding around a core of Uppi^r Krol limestone. 
This conclusion is also supported by the fact that the sequence of 
stages above the Upper Krol limestone, on the assumption that 
this is the core of a recumbent fold, is not the mirror-image reverse 
of that below the limestone. in particular, there is no equivalent 
of the Blaini boulder beds in a position between the Lower Tal 
shales and the Upper Tal quartzites, wlii(‘b would l>e expected if. 
the Tal and Nagthat quartzites were the same horizon duplicated 
in a fiat overfold. Moreover, there are lithological difierouces 
between the Tal and Nagthat quartzites which, though not absolute 
when regarded singly, are collectively valid enough to differentiate 
these two stages. This point has been stressed because Middlemiss 
ei^enriy confused these two quartzites. At the beginning of bis 
sutvey he considered the Tals to underlie the Massive (Krol) 
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limestone, but he was kter ooii;>peUed to iieveEse then poiptaon iml to 
place them above the hmestone. He a^^eais also in ;ko« to 
have mapped the trae Tal quartzites and the Kagthat qnairtadtM 
that have been overthiust upon the Tals, both a# Tal. 

It may be accepted therefore that the sequence givcm iixt the 
Krol Nai^e is uninverted and has not been du^k»ted by reeiun* 
bent folding. Nor do I think it possible to assume the dupUca- 
tion by thrusting of uninverted stages one upon ano&ex. 

The evidence for the existence of this na{q>o is based upon the 
following consideiatioBS:— 

(1) The most convincing evidence is the oocurrenoe of two 
windows disclosing Nummulitics and Simla slates between Dehm 
and Bikhikesh. One of these windows occurs on both sides of the 
Bidhalua Bao (30° 16' : 78° li') and is about six square miles in 
area. The other window is well seen between Pharat (30° 13' : 
78° 18') and Banali (30° 11' : 78° 20') and covers about seven square 
miles^. They occur along the anticlinal axis which sqiatates the 
Mussoorie synclme of Nagthat-Blaini-Krol-Tal rooks from t^ 
Garhwal syncline lying to the south of and en echdon with it. In 
the centres of the windows occur Simla slates, generally with steep 
dips. Above the Simla slates, sometimes as isqlat^ cappings* 
more typically as a border to the windows, are found NommuUtio 
shales and limestones together with blocks of highly shattered 
quartzites, the surfaces of which are glazed by &io^n. Finally, 
above the Nummulitic and associated rooks occurs the unmetamor- 
phosed facies of the Chandpur beds, belonging to the Bbrol Nappe. 
There can be little question here of the Nummulitios occurring as 
outliers in pockets of a late Cretaceous erosion tqpc^raphy. Such 
a manner of occurrence would not account for tite diffetmioe in type 
of the slates found above and below the Nnmmulitics. While it is 
admittedly difficult in some places to the slataa 

from the Chandpur seri^ (wUch are possffily of the age but 
.deposited in two distinct areas), the diffierence between these two 
series is on the whole marked enough in thja an 

that the occurrence of the NtunmuliticB between the f<mia i^tea 
and the Chandpurs is significant. The upward ai MMaway w* in theae 
windows, Simla slates-^Nummulitics-—Chandpurs, is the 


1 TUs BiuuiU «hanh] not be oonfosed >ritb anotber vilii 
at 30*18'; 78' 17 '30*. latter ▼Utaae u tooated on an oi 
(jMge 4^). 
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feiitaie, tilte du^(witik>n of tbe Nusunulitios beiog such as to suggest 
tbst tbey are part of a cootiaaous sequence, a se<{aence whicb X 
ooodude to be tectonic. Tbe strong shattering of the quartzites 
asseciated with the Kummulitics, toeit slip-polished surfaces, and 
their haphazard tectonic isolation as blocks in the shales, with no 
signs of orderly sedhuantation, suggest that these rocks have bear 
Mibjected to violent stresses. Indeed, below Banali the Nimunulitic 
shales are converted into a * pseudo-schist \ resembling biotite- 
8(hiat, but in reality a highly sheared shale endowed with abundant 
r^lecting slip surfaces. These effects must have arisen during the 
Miocene movements, which are known to have been a characteristic 
feature of Bimalayan tectonics, and are indicative of «hftfl.Ting 
stress rather than simple hydrostatic pressure. On the hypothesis 
that the Kummolitics rest upon a pre-Tertiary erosion topography, 
it would, however, be necessary to assume that this topography had 
undergone little change throughout the Tertiary and Quarternary 
eras. This would hardly be expected in view both of the extent 
of the Miocene movements, and of the great erosion which has taken 
place since then. If Miocene compression had shortened the width 
of the postulated valleys in which the Nummulitics had been deposit¬ 
ed, so as to cause the infolding of the Nummulitics within the 
Chandpor and Simla slate series, it should have had a devastating 
effect on the pre-Tertiary north-south ridge separating these valleys. 
Yet the Chandpur beds of the narrow Diuli (30° 13' : 78° 17') 
ridge are neither shattered nor highly folded. The shattering 
occurs in the Nummulitic rocks which dip under the Chaudpurs on 
eithm side of the ridge. In the view here adoptetl, the Nummulitics 
were deposited upon a more or less peneplaned surface of Siuda 
slates, and were later overthrust by tbe Chandpur series of the 
Jijxtl Nappe. The valleys in which the inferred windows are now 
exposed are regarded as the result of recent river erosion. Young 
river-gravels occur 800 feet above tbe level of these modem valleys. 

(2) litetween Bolon and Subathu there is a sunilar disposition 
to just descjdbed, except that the Chandpur and Nagthat 

beds of the Krol Nappe are missing. Here the sequence working 
upwards is:—Simla slates—Subathu (Nummulitic)—Blaiui. This 

area has already been described, being figured on page 436, and 
diseuHsod mr pgm 434-437 of Records, Geological Ssjirwg of India, 
(1934). Near Salem there are two outcrops of Nummuhtios, 
summimided by Xu&a'Nrol (Biaiui sensu lato) slatos, which £ regard. 
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as windovB. The ooatftcts b^een the Nummalitaos uid adjaooxt 
Blami looks are poorfy exposed, and it might be maintamed that 
the NummuIiticB of Ibese ootoxops oootu as eroded oulbets npon 
Blaini. Nnmmnlitios are known to lie infolded within Kiol 
limestones at Bagar (30" 46' : 77® 17') evidentty having oveda^jed 
the Tal rocks towards the north-west so as to rest direedy upon the 
Krols, and it mi^t be aigued that this overlap continnes in the 
direction of Solon acrora the Kxol limestones on to the Infra-Ktol 
(Blaini). The Erol limestones are, however, vmy well exposed 
near Solon, the type locality, so that this overlap could only be very 
local. Moreover, the same arguments apply to the Solon area as 
have just been given for the windows south-east of Dehra. What¬ 
ever doubts may be raised about these inferred windows, it is 
difficult, however, to escape the conclusion that the zig-xi^ dis¬ 
position of the Simla slates—Kummulitio—Blaini-Krol rocks between 
Solon and Subathu represents the result of erosion of two tectonic 
units that had been brought together by thrust movements and 
were later folded. Here again, in a manner comparable to the 
windows already described south-east of Dehra, the contrasts 
between the Simla slates at the base of the Tertiaries and the Blaini 
slates above them is striking, precluding any explanation by simple 
infolding of Kummulitios within a siugle slate series. 

(3) On the north-east side of the Krol syndine Nummulitics 
occur at Sayasu and Dabra, as has been already motioned (page 
417). They overlie Simla slates and appear to underlie the com¬ 
plex group of Ohandpurs and Mandhalis. By Komwa (30° 40' : 
77° 61'), and on the col south-east of Kailana, are found shattered 
and glazed quartzites exactly similar to those associated with the 
Nummulitics of the windows between Dehra and Eikhikesh, and 
around Banas Maila (29° 57' : 78° 21'), again overtying Simla 
slates and underlying Mandhali limestones. The th^t which 
separates the Chandpur-Mandhali rocks from the Simla slates dips 
southwards, below the Erol syncline. It has bemi called the Tons 
thrust and I consider it almost certain that this thrust jmns up 
below the Erol sjmcline with the north-dipping Erol Thrust <m 
the south side. There is evidence for this supposition along the 
Huiul river in Tehri Garhwal. 

Considering only the &st two areas, the minimum disphwement 
of the Erol Thrust and Nappe would be abrmt five miles. Takmg 
into oonsideiation tiie xegbn on the north side of the Erol qmclaw 
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Metenoridilim. 


near Kailana, tiie mmimum displacement is likely to be 20 miles 
(82 km.). 

A point which should be emphasised in connection with the 
Chandpux and Nagthat series of the Erol Nappe is the increase in 
metamorphism which is observable from the 
south-west towards the north-east. Along 
the south-west side of Ihe Mussoorie syncline, for example near 
Paled (30° 17' : 78° 11'), the Cihandpur series is in the condition 
of banded green slates and ash beds, while the Nagthat series is 
made up of soft sandstones and quartzites with a secondary silica 
cement. Towards the north-east both these series develop schis- 
tonty. The Chandpur slates are changed to schistose chlorite- 
sericite-phyllites, as at Jugargaon (30° 23' : 78° 24'), while the 
arenaceous beds of the Nagthat series become schistose chlorite- 
sericite-quartziteB, such as are well seen in the neighbourhood of 
Eaudia (30° 25' : 78° 22'). The distance separating these con¬ 

trasted g^rades of metamorphism is about 10 miles. 


3. Qarhwal Nappes. 

1. OUTLIEKS IN TeHRI GabHWAL StATE. 

Ever since I had read Middlemiss's paper on the Physical Geology 
of West British Garhwal, I had hoped to find a structure in the 
centres of synclines in Sirmur State and Tehri Garhwal comparable 
to the one he had described, for I was convinced that the Massive 
limestone and Tal beds of Middlemiss were equivalent to the Erol 
limestone and the presumed Tals in Sirmur State. In 1931 a sandy 
current-bedded limestone was foimd at the top of the Tal series 
along the Nigali Dhar of Sirmur State (30° 39' : 77° 34') but un¬ 
fortunately this was the highest horizon exposed’. It was not until 
Match 1936 that the eiq>ected structure was found at the top of the 
Tal succession of the Mussoorie syncline on hill 6533 (30° 22' : 
78° 12'). Between Tashla (30° 22' ; 78° 11'), Satengal (30° 21' : 
78° 13') and Hatwalgaon (30° 20' : 78° 16'), there was found an 
outlier of schistose phyQites and subordinate white quartzites 
overlying a group of limestones, slates and boulder beds, both of 
whuh units rest upon and are surrounded by the Tal series. The 
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area covered by this outlier is about 7 square miles. Equally 
convincing is another outlier of schistose phyllites lying upon the 
Tal series around Banali 18' : 78° 17' 30"). This outUer is two 
square miles in area. Both outhers indisputably rest upon Tal 
beds with centripetal dips varying from 20° to 45°. Adjacent to 
(he Banali outlier is a still smaller outlier, about 200,000 square 
yards in area, lying as a thin coating upon the Tal quartzites. 

Tt is quite impossible to explain the position of the schistose 
pliyllites upon the Tal series by ring-shaped reversed faults des- 
ctaiding through the whole of the 17,000 feet of rocks of the Krol 
Nappe here present to its basement. 

The Satengal outlier is cojuplicated by the presen(‘*e in its western 
part of slates, boulder beds, and a limestone identical to the Bansa 
limestone, which occur between the schistose phyllites and the 
underlying Tals. Nevertheless, whatever the stratigraphical posi¬ 
tion of these intervening beds may be, the fact of an overthrust 
of schistose phyllites upon the Tals is clear and beyond dispute. 
There is no such complication in the eastern part of the Satengal 
outlier or at Banali, wliere the sddst-usc rocks lie dircictly upon the 
Tal series, locally with an angular discordance. I showed the 
Banali outlier to Professor Arnold Heim and Doctor (iansser, both 
of whom agreed that no doubt could be raised as to its overthrust 
nature. 

The (liaractcristic rock of these outlie^rs is a green schistose 
chlorite-sericite-phyllite, with segregations of secondary chlorite in 
stn'uks. This type (jan be <'xuctly matclied with the rocks at tin* 
base, of the Krol Napj)e around Jugargaoii (])agc 121). Th(^ fact 
that the underlying Tal and Nagthat quartzites artj not inverted 
proves that the schistose phyllites of the outliers above them do 
not rest in that position as a result of duplication of the Ohandpurs 
w hich o(?(‘ur at the base of the Krol Nappe by recumbent folding. 
If recumbent folding were present, either the Tal quartzites or the 
Nagtliat ({uartzites should be inverted. Further indication of 
the lack of inversion is sugg(*sted by the presence of the limestoue> 
mentioned above, wliich is similar to the Bansji limestone, and of 
boulder beds Ixdow tlie sehistose phyllites of the Satengal outlier. 
This relationship is the same as that obtaining in tlie rocks at the 
base of the Krol Nappe between Kalsi and Chakrata, where the 
Bansa limestom^, and Mandlialis appear to underlie the Chandpur 
aeries. Thai is to say, botli m the Krol Nappe and in the Garliwal 
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Nappo, there is tlie same suceession upwards of Ihese ]>efls. The 
relationship is, it may he accepted, one of a thrust (*ontaet of the 
metamorpliosed type of t^andpurs upon jjornially lyin^^ Tal beds. 

In these two outliers of Tehri Garhwal tliere are two desirable 
features for demonstrating the complete overthrust of the schistose 
phyllites upon the Tal series :— 

(1) Dips are everyw’here centripetally inclined, but are not 

steep enough to bring the base of the .schistose phyllites 
below the level of river erosion ; 

(2) the two areas are of a size small enough to be seen almost 

as a whole by the eye from neighbouring peaks, so that 
the results of detailed mapping of the thnist boundary 
niay be confirmed and integrated at a single glance. 

2. OiTTLiEKS IN British Garhwal. 

In coming to the area mapped by Middlemiss in British tharliwnl, 
these two features are absent. Dips are on th^ whole steeper, 

and the area is so large that it cannot be taken in by inspection 
from any one vantage point. 1 have re-mapped that part of Middle- 
miss’.s area which lies in sheet 53 J S.W.. and have traversed along 
the Nayar river from Byansghat. to Blianglial, Dwarikhal, Lans- 
downe (29*^' 51' : 78^ 41') and Dogaddn. The correlations given in 
table 2 are definitely proved by the results of detailed mapping. 

The only difference between the Garlnval area and that of Tehri 

Garhw\a] is that Nummulities are present above the Tal series' in 

Garhwal, wliile they are almost absent from Tcdiri Onrhwal except 
for very narrow^ outcrops along the (huig(‘s river. The outcrop of 
Nummulitics in Garhw^il is discontinuous, but is slightly moie 

e.xtensive than showni by Middlemiss. 

Overlying the Nummulitics in slieet 5;> d S.W. occur two separate 
nap})es which are disposed in s}n<‘lines lh«at are s<'parated for some 
distance b}' tlie anticlinal axis running from just cast of Lacliman- 

jhula in a south-east direction past- Jogyana along tin* Huill river; 

Section 2. In the, w^estern, Amri, .synclinc (Amri: 30 01' : 78^" 22') 
the rocks arc characteristically gn'cn schislos(' pliyllitcs with sub¬ 
ordinate white schistose (piartzitcs, the a.ssembJ«age recalling at once 
that of the Satengal and Banali ouilitrs. In the easbrn, Bijni, 

ayncline (Bijni: 30'^ 04' : 78'^ 25') the dominant rocks arc purple, 
green, and white quartzites exactly rescmibling the Nagthat series, 
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with underlying and subordinate banded green slates similar to 
those of the less metamorphosed type of Chandpurs on the south¬ 
west side of the Krol Nappe. In the anticline separating tliese 
two nappes there crops out a complicated assemblag<* of Tal and 
Nummulitic rocks, obviously highly disturbed and interfolded, as 
may be well seen at Eagurgaon (29^ 58' : 78^^ 29'). 

Betw^een Kothar (29^^’ 58' : 78'‘ 34') and Lansdowme there is 
another and larger syn(4ine of schistowse ])hy]lites and white schistose 
quartzites, similar to those of the Ajriri, Banali and Satengal synclin.d 
outliers. Intruded into these rocks occurs the gneissic granite of 
Lansdowne. 

It must be admitted at once tJiat there are many difficulties jii 
understanding the Garhwal area. Firstly, I have been able to 
come to no satisfactory conclusion about the tru(* position of the 
boulder slate (volcanic breccia of Middlemiss). In the north end 
of the Garhwal syncline this boulder slate unquestionably joins up 
with the Blaini, but I am uncertain if the boulder slate so often 
found lying above the Tal beds of Garhwal is the same as tJie Blaini. 
thrust upon the Tals, or if it is an altog(‘ther different Imrizon 
Secondly, as seen above, the outcrop of Middlemiss's Inner Sc’histose 
seri(5S is not made up of a single tectonic unit. These difficulties 
can only be cleared up b}’^ detailed mapping, but, in spite of tht*m, 
I am confident that the Inner Schistose series of Middlemiss does 
truly overlie the Nummulitic, Tal and Krol rocks as a thrust outlier. 
In no other way is it possible to explain the ring-sliaped boundary 
between the older rocks and the Nummulitics around Amri and 
Palyalgaon (30^’ Ofi' : 78*^ 24'). Just north of Amri, Middlemiss 
mapped two faults separating the older roeks from the Nummuliticvs. 
Tlie N.W.-S.K. fault is shown as t(‘rminating \v('stwards against 
the N.-S. fault, wdiich is made to pass northwards towards 
Patna, vdilwul displacing the NmamuUtic—Tal houndanj. On the 
postulate of Middlemiss, this fault should have caused the Outer 
FormatioUvS to be thrown down below their owm basement. Its 
throw' would be enormous, and yet it fails to displace the Nummulitic— 
Tal lioundary at all. A re-examination of thk area has shown 
that the schistose phyilites overlie the Nummulitics round an are 
of i8(y' and that the boundary between them is continuous and 
not made up of the intersection of two or more faults. The reason 
is clear. The faulted junction betw^een the schistose phyilites of 
Amri and the Nummulitics does not cut through the Nummulitics 
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and underlying formations, because it is a tbrust plane which lies 
at an horizon altogether above them ; Plate ^15 and Plate 157, fig. 2. 

Moreover, in the Garhwal area the rock types of the Inner Schis¬ 
tose series are dissimilar to those underlying the Krol s(Ties along 
the Nayar river, both in lithology and in strike. Underlying the 
Krols from Byansghat to Bangliat (29® 57' : 78" 42') oeenr Simla 
slates vith strikes varying from E.-W. to N.N.hh-S.S.W. The 
Krol—Tal rocks, and the overlying schistose rocks from Dvarikhal 
to Lansdowne, have a uniform N.W.-S.E. strike. Tlie Simla slates 
also differ in lithology and de.gree of metamorphism from the rocks 
of the schistose series overlying the Krol and Tal series. On th(‘ 
int(‘rprotation of Middlemiss, the Simla slates and the Inner Schistose 
series should }>e the sam(% since the reverse faulting which he postu¬ 
lated would have brought nji the same foundation rocks upon the 
Tals ns underlie thf‘ Tal and Krol series. 

It is difficult to pictuiX' the mechanics of the n‘versed faulting 
sugg<\ste<l by Middlemi.^s, since it is necessary to assume either 
that hi-^ Outer seri(‘H have been thrust inwards and downwards 
towards a centre or tliat his Inner series has expanded outwards 
on all suh's from a centre ovvr the Outer series. (\)ne fractures 
are common featur(‘s in certain volcanic areas such as the western 
islands of Sc(dhnul, but so far as I know the displacement along 
th(»H(‘ fractures is incjonsiderable and is largely a consequence of 
infilling witli magma, Tlie whole difficulty is removed if we accept 
that the present l)asiji-like disj)Ositioii is a secondary feature sub- 
seijueiitly impressed upon an extensive thrust of the Garhwal units 
over the Krol unit. 

In eoimectioii ^^ith the cjin%stion of reverstd faulting, I think 
that Mallet lunl u truer giasp of tJie solid geometry required by 
geological jelationships similar to tliose of Charliwal. Wlun mapping 
north Bengal and southern Hikkira he realised that tlie position 
of the Darjeeling gneiss above the Baling series could not bo ex- 
plaim d by ‘ mere local inversion along the lines of contact’h So 
for as I have seen tlies<» rocks in eastern N(‘pal and Sikkim, the 
Darje(*ling gneiss, thougli truly above the Baling series, does not 
appear to be separated from it by a thrust plaue^. The point it is 
wished to emphasise here is that both in Garhwal and in eastern 
Nepal and Sikkim the observed relationship is one involving 

^ Mallet, F. R., Mem, GeoL Surv, hid,, XI, p. 42, (1874). 

* Auden, J. B., Hec. GeoL Siirv, Ind,, LXIX, p. 163, (1936). 
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cDinpleto Huporposition iim\ not local reversed faulting, even tLoiigb 
tlio explanation offered for tlie manner of this superposition is 
different in the two eases. 

The argument for an extensive thrust plane over tlie Nummulitic, 
Tnl and Krol rocks of flarhwal may now^ be summarised. 

(1) The Niimmnlitic, Tal and Krol rocks of Garhw^al completely 
surround the Inner Schistose series (as showm by Middlemiss) and 
dip below’^ them centripetally. This is well seen around Amri and 
Palyalgaon in sheet 53 J/S. W. 

(2) At Satengal and Banali in Tehri Garhwal State, schistose 
])hyllites lie as indisputable thrust outliers upon the Tal series, 

(3) At least tw'O S 3 mclines occur wdthin the Inner Schistose 
series of Garhwal (those of Amri and Lansdowne) in wliieli tlic 
schistose rocks are identical in every respect to those found in the 
indisputable overthrust outliers of Satengal and Banali, In the 
Lansdowne outlier there is an additional element in the presence 
of the gneissic granite, whicli was intruded before the thrust move¬ 
ments had taken place, 

(4) Middlemiss argued on the grounds of metamorphisni thni/ the 
schistose series arc older than the Nummulitics upon wdu(‘h tliev 
lie. Apart from the question of metamorphisni, there is no known 
post-Nummulitic sequence to correspond to the schistose series. 
From both points of view' the schivstose s<'ries must lie with an ab¬ 
normal contact upon the Nummulitics and Tal series. 

(5) Tlie Inner Schistose scries is composed of two main units:— 

(а) schistose phyllites, slates, schistose quartzites and quart¬ 

zites, resembling the more metamorphosed facies of the 
Chandpiir series of the Krol Nappe : 

(б) banded grey-gre(ui slates and mainl\' purple quartzites, 

resembling the less metamorphosed faedes of t he (Jlumdpur 
and Nagtliat series of the Krol Nappe. 

Neither of these two units resembles, in strike oi’ closely’ in litho- 
logy, the. Simla slates wJiich occur at tlu'. base of the Outer aeries 
along th(‘ Nayar river. Tin* inon- schistose*, rocks of the Inner 
series also differ from the Simla slates in metamorphic grade. These 
facts ajipear to n(*gative the (explanation given by Middlemiss of 
leversed faulting having brought up the basement of the Outer 
Formations so as to 1 e upon them. If roveuvsed faulting had taken 
place, the basement rocks (Simla slates along the Nayar river) and 



Part 4.] Auden : Stmctiire of the Himalaya in Garhwah 


427 


the Inuer Schistose series slioukl be identical. Tn tlie solution 
suggested in this paper it is believed tliat tin! facts are best explained 

by two thrusts: the (Jnrinval Thrusts introducing rocks similar 

to those wliich ill parts of sheet oil J/S.W. lie at tlie base of the 
Krol Nappe, so as to rest abov<! the Kr<il Na[)pe : aiid the Krol 

Thrust dividii)^^ off the Krol Nappe* from the Simla slate foundation. 

This thrust is believed to be transgressive, both towards the south- 
east in (larbwal, and towards the north-west in Sirrnur and Baghat 
States, with the result that it cuts out .succes.>ive members from the 
base of the Krol Najipe. 

I would suggest that the arguimmtr. given above are suflicient 
to establisli the existence of a great system of thrusts upon tlie 
Nagthat-Blaini-Krol-Tal-Numraulitic succession in Jeliri Garhwal and 
British Garhwal. These thrust*nap])es exist now as three outliers 

(1) Satengal ou1]i(*r, covering about. 7 scjium* miles: 

(2) Banah outlier, covering 2 square miles : 

(3) (larhwal outlier, coviTing a])proximateIy 210 square miles. 

Tlie Bijni Na])pc possibly r<hitively lo(*al in origin, but the 

main nappe of the (harhwal system, wdiicli iuclinles the Satengal 
and Banali outliers, and the Amri and Lansdowne synclines in the 
(Tiar]iw%al outlier, has certainly travelled a great, distance. 


Further outliers or the (iARirw AL Xa7>pes. 

Be.sides working in the ijaiisdowuie anai of British Oarhw’al, 
Middlemi.ss also iiuipped a syncline of .^xhivsts and quartzites intruded 
by gnoissic granite at Diidatoli (30^ ttq' : 12')^. He pointed 

out (page 40) the exact similarity Ix'tw’ccn th" ginassic granites of 
Dudatoli and Lnnsdcovne, and also (j>agc the fact- lltat the only 

synclinos of irnportaiKa* along a line fioni the Plains to the ^lain 
Jlimalayaii llangc are connecte<l with tin* giudnsose an<l s(*histoso 
series. I w'onld go further in believing that the schistose rocks 
into whicli the Dudatoli granite is intruded arc the same as those 
of Lansdowne, Amri. Banali and Satmgal. which have already befm 
described. Similarly, tin* gnoissic granite of Baniklu't anti l)\varahnt 
is intruded into pliyllites of the saint* tyix*. 

There is no evidence in the rt'gions in \vlii(‘li I have mapped or 
traversed for the equivalent of the Jutogh senes of Simla described 

i i?cc. GeoL ImL, XX, pp. 40, Ua, (1S87). 
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by Pilgrim and Wnst. Tho granit<\s of Ijansdovvnc, Dinlaioli, iJwara- 
bal itnd Hn-nikliot a|)[K*.ar in all rases to bo iatnided into phylliies 
of otio typr, corrospondiiig to tlio more, inrtamorpliosod fades of 
tli(^ (liandpurs. These rocks may possibly be equivalent to tli<j 
Chail series of West. Tlie loo.al in(*rease in mcd.amorpliism to gatnei- 
clilorite-phyllite, garm't-eldorite-sdiist, line-graiued biotite-scliist, 
chiastolite s(‘liist, whidi is attributable to contact (dfects in proxi¬ 
mity to th(‘ intruded granil(‘s, appears to take place in tlie Ohandpur 
series of schistose phylliies and not in a iiiglier and altogether dis¬ 
tinct/ series sueli as tin* Jntoghs of Simla. This fact I can state 
with certainty to 1 k^ true of the Lanstlowne area where it is dtdiniit^ 
ibat- there is no additkmal series ai) 0 V('. the (liandpurs of the inner 
Schistose group. My brhder examination of the Dwaraluit-Dudatoli 
area suggests the same conclirsion, one which seems inevitable indeed 
from the observations of Middhnniss, mentioned in the passage 
whieli I have quoted in an earlier paper^. in this passage he jxunts 
out the gradation in a single series from sehist to ordinary slate. 
Mr. W(‘st, iii a recent discussion of this ])robIejn, a('c.(‘pted tliat the 
Jutogh Thrust may not be id widespread significance tosvar<ls the 
south-east.***. 

Ill all these cases, tlie sehisiose roeks, with or without intruded 
granite, ap[>ear to overlie in synclinal form J(\ss metamorphosed 
limestoiH's and quartzites. Consequently, besides the three outliers 
of the (larhwal Nappes which 1 have discussed in detail above, 
I w'ould suggest tliat the Dudaioli-Dwurahat-Ranikbet-Almora region 
also represents a syncline or group of Bynclines which may be out¬ 
liers of the Garbwal Nappes. In the map (Plate 36) only one 
generalised synclinc has been shown, since no detailed mapping 
has been done in this area, except by Middlcrniss around Dudatoli, 

4. Age of the. Krol and Garhwati Thrusts. 

The maximum age of tlie Krol Thrust is establislied by the 
presenci^ below it of Numinulitic/ and Dagsliai rocks. This thrust 
cannot, thoredore, be older than Burdigalian. 

Below the Garluval Thrusts occur Niimmulitics and possible 
Dagsliai roi^ks. These thrusts arc therefore cortainly younger than 


^ Hcc. atol, Siirih huL, XX, p. );n. (1887). 

ciL, LXVll, p. 4J2, (1034). 

® Current Hcimcc, 111, x>, , (1935). 
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the Hoc<Tie, and are ]iossil)ly, na in tin* case of tlie Krol Thrust, 
not older tiiaTi Miocene in ueo. Tliis is in agreennnit with the 
recent discovery of Nummulitic and Dai^shai rocks by Mr. West in 
the Shall area, below tin', Ohail ThrustV 

Since no SiwaJik ro(*ks arc' found in the windows, or below the 
outliers, it inighb be asMiincd that the thrust movrunents took 
place after the BurdigaJian but before tin* Siw^iliks liad time to be 
deposited tliere, an assumption winch woulfi make the movement 
about Helvetian m ag(\ if, however, the Siw^aliks never extended 
so far to tlie noith't‘ast, tliis argument fails, since it is possible to 
irnagau* the thrusting to ha\e occurred a considera)>le time after 
the Nummnlitics and Dagshais had been laid down and wddle the 
Siwaliks w'<ir(^ being deposited else*where. 

That some of the movement along tin) Ivrol Thrust Ls more recent 
than Helvi‘,tiaii is proved by the frotjuent juxtaposition of pre- 
Tertiaries iifxm the Xahans between tin* Jamina riv('r and nortli 
Bengal. PiirtlnT, in places (‘Ven tin* VpjH*!* Sivvabk eonglomerates 
are invulvefl in ovt'rthrust by tin' }>re.Tcrtiaru‘s. Ten miles north¬ 
west of llehra. the boulders of tln‘se congl(Hn‘'ratcs are so shatten'd 
that it ]s impossdde to (d>tam a. Jiand .spiM imeu of them. Similar 
overthrusting oc<‘urs at Ibluspur on tin' Sut)r*j riv<*r (21 ' 20' : 70^ 
45')“. These m<A’enn*n1s nmsl- be of L(AV(*r Ph*istoeene or even of 
later age. Vrt it is dilUcult to l)elieve that ihe major horizontal 
mov(*iin‘nts of the Krol and (uirhwu! Xa]>pt*s over a distance of 
.se\a*ral mihss took place as late as this. By Lowa^r 'Teistocene 
times, the rising Himalayan eiiain must hav'e, been dissected to such 
an extent into blocks l>y deeply eroding streams that the upper 
nappes had alread}' La'cn worn away iiir<j outliers. The formation 
of these upper nappes ran only have taken ])lact‘ befori' erosion had 
proceeded to such an (‘Xtent that the outcrops of the nappes along 
an alignment in the direction of movement had ])e,en divided off 
into separatt' outliers, unable to translate the stresses as a unit. 
Both the Krol and Uarhwal Xappes have been strongly folded, 
possibly HvS a result of the resistance. oOVretl by the floor upon w^hich 
the movemeut was effected. There has since been erosion of these 
thruists with the rc\sultiug formation of the windows and zig-zag 
outcrops, and it may be accepitnl that the major part of the move¬ 
ment along these thrusts took place before river dissection had 

i Kec, GeoL Ind., LXXl, p. 72, (19:n). 

a Op. cit., l.X VII, p. 444, (UKtt). 
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readied its present pronounced stage. It may, therefore, be assumed 
that there has been more than one period of movement, the stronger 
movements perhaps during the Helvetian, and the later movements 
during tlie Sivalik and post-Siwalik. 


IV, SNOWY RANGES. 

I have visited th(i higher Himalaya of this region twice; in 
1032, when a traverse was made up the Alaknaiula valley to Bad- 
rinath, Mana and the Arwa valley : and in 1935, when the Bhagirathi 
valley was ascended up to some of its tributary valleys in the neigh¬ 
bourhood of Harsil, Gangotri and Ganmukh. A brief lithological 
descri])tion of the rocks encountered along the Alaknan<la vall<‘,y 
has already appeared^. It is intended here to mention only a few 
points concerned with the snowy ranges of the liigluT Himalaya. 

The snowy ranges between the Bhagirathi and Alaknanda valleys 
may b(‘ divided into two zones by a fairly well defined lino. The 

^ southern zone, forming tin* Main Himalayan 

Two mam zones. t i i i i 

Hange as seen from LaTuiour and Lansdowne, 

consists predominantly of jiaragneisses and schists, dijiping towards 

the north-cast, and presenting a s('arp fa(‘e towards the Plains of 

India. The northern zone is of granite, out of wliicii the peaks in 

th<» Gangotri and Arwa basins are carved. Tlie boundary between 

these two zones is shown on the map (Plate 37). I disagree with 

the mapping of Griesbach, who has draw'u in the neighbourhood 

of Harsil and Dharali wliat appears to int* to be an artificial boundary 

between Haimanta slates and a combined group of granite and 

metamorphic-s^. 

The rocks of the Main Himalayan Bange consist of a, varied 
assemblage of schistost' pliyllit<\s, schists, and granulites intruded 
by gneissic granite and pegmatite. They rest 
Main HtaatayM Range! met atnorpliosed shales, phyllites, 

limestones and ([uartzites, from which they are 
separated by a thrust plane. This thrust is well seen at Sini 
(30® 46' : 78® 36') and occurs near mile 158 on the pilgrim t rack from 
Hardwar to Badriiiatli. 1'he rocks immediately above the thrust 

» AVic. Ocoh i:iurv, Jml, LATX, p. (1935). 

Geol. Surv, hid,, XXIII, (1891). 
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appear similar (o those of tli<Mn(‘hjmor|)lios<Mi (^liandpuj' series foiiuJ 
in some ])la(;(‘.s at the l)a.se of the Kn>i Na|)p»* an<i inoT<‘- generally 
in the main (Tlarhs\al Napj)e. 

The main suite of inetamor{)liose«l s«‘diments must h<*loii^ to a 
difierent niiil. The ro(‘lvS of this suit<* \v(‘r(‘ origin,iJly sliales slialy 
sandstones. Hdnd81oJl<^s, (*alea.r**ons sliules au<l limestones. Tn their 
present niotamorphie condition (hey form a series (hal is chara<'ter' 
istically j^Tanulitie. e^onsistimr <‘f quartz }>iotjn-nranuhtes, often with 
garnet and felsjiars. (luarlzites. honihlriidr-LOairniitrs. dioj)sid(‘a*al- 
ciphyres, niarhles. hiotite^LUirnet-.s'lieand kvaniT^‘^scllis^‘^. The 
calcareous i’o(‘kw are best develojaMl ’hptv\(4ii JiadrinaJh and Mana, 
but occur to some <^xtent up the Jiuchtgaira valhy (30' hW : ol'). 

It is possible that thi^ suite is equi\ah*i)t to the Jutogli siuaes of 
Simla. 

Th(‘ granites to th<‘ nnrtli (d* the Main Himalayan Ibuig^i piobalily 
occur continuouslv fniiu Dftarali (3i 02' : 7.S 17') eastN\ards to 

the Sarasvoiti vallev anrl Kaiuet iieak. Several 

(iranitc yoiic. . 

ty] 5 es 01 aianite are ])resv'nt nu hiding musco- 

vile4()uriiia.line-granite, hiutite musto\jte-granite and adamellite. 

Porphyritic types are eommon at iJhairongiiaii. Jangla and u]) the. 

Nela (ijamkaga) valley, 

Sonu* of tlii'se granite-, aie -.hean’d ,ind erush(‘d. ^fhe presiuiee 
of patehes of grariular blue <|aart/ is sngge>t,ive of crudiing, a fact 
W’hich stru(‘k my eitlleagiie 1 )r, J. Dunn t)n being slmwn speci- 
mens. Shearing is veil hern at a heiglo (d 10,3(H) f(‘et up llu* Xela 
valley (about three miles from HarDl), where there is a (ontact 
betwwm the granite .ind overlying inetamorphies. The garnet of 
the metamorpliies lias hrolom ilown letrogressively to chlorite, 
while the gniinU' Ims ]>eeu .--heared and jnylonitised througli a 
width of IhO jeet at right angled to tiu* plane of contact, with the 
development of markeil sthistosjtN and the ilestruction of tlie 
pheiiocrysts. 

It would appear frmii tlic^e facts that some at least of these 
gramt(*s are not post-te('t<mic in the sense of the, post-tectonic 
granite's which (uit acro.ss the derh}} in the Alps. These strained 
granites may have been inti’uded either during the major thrust 
movements, or at an altogether earlier period. It was considered 
above that the J.»ansdowne granite was intrudt'd before the forma¬ 
tion of the Garhwal Thrust and that it was pre-Miocene. 
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V. POSSIBLE NORTHWARD EXTENSION OF THE GARHWAL 

NAPPES. 

It has been stated that the main Garhwal Nappe occurs as 
synclinal outliers resting upon less metairAOi;)hosed rocks. Reasons 
have been brought forward for regarding the schistose rocks and 
granite of Dudatoli as belonging to the same overthrust unit as 
those of the Satengal, Banali, Arnri and Lansdowne outliers. The 
nearest schistose rooks to the north-east from Diidatoli occur at the 
base of the Main Himalayan Range, where they too appear to lie 
with a thrust contact upon less altered limestones, quartzites and 
slates. It would seem possible, th(‘rofore, that the main Garhwal 
Nappe joins up with the rocks at tlie base of the Main Himalayan 
Range and ibat the minimum distance of translation of this tectonic 
unit may be H})out 50 miles (80 km.). It appears that the granites 
were intruded principally into the (Jarhwal and overlying units 
and were tlirust with tlieiii for miles towards the south-west, over 
rocks which are free from granitic intrusions, but are in ]>laces 
cumsiderubly injceded with })asic magma. 

Finally, comparison may be made with the eastern Himalaya. 
In eastern Nepal and north Bengal there are two main dislocations : - 

(1) the thrust causing the Goiidwana rocks to lie upon the 

Siwaliks : 

(2) tlie thrust separating the Haling scricis from the under¬ 

lying (rondwanas. 

Tliese two thrusts may be analogous reBp(K;tivt‘ly to the Krol 
Thrust and one of the Garhwal Thrusts. Near Udaipur Garhi 
(20'^ 57' : 86® 32') there are bleaching carbonaceous slates and a 
dark crystalline limestone wliich resemble the Blaini and Krol series 
of the western Himalaya, and which, like them, rest upon Siwalik 
rocks.^ Further, it may be remarked that the schistose phyllites 
of the main Garhwal Nappe appear to be identical to the Baling 
series of Nepal and Sikkim. In both areas, these schistose rocks 
arc thrust upon Goiidwanas or the equivalent of Gondwanas. 

V L EXPLANATION OF PLATES. 

Plate 35.— Map No. 53 J/S. W., reduced to the scale of 1 inch —4 miles, showing 
the disposition of the main tectonic units in the neighbourhood 
of Dehra and Rikhikesh. 

^ liec, QtoL Ind,, LXIX, p, 143, (1D35). 
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Plate 3G.—Tociouic Sketch Map of the (Jarhwal lJiinal{<}a, iiKliidini^ a portion 
of 1 : million map No. 53. This map is based f)n the survcya and 
traverses of (1 S. Middlemiss, V, L. Gricsbaeli, and J. B. Auden, 
Auden alone is responsible for the tectonic interpretation of the 
geological results. The limits of the inferred Carinaal Nappe be¬ 
tween Dudatoli and Ranikhet are conjectural. 
l^LATE 37, Fjo. Section across Siwalik Range and Lower Himalaya in ]" 2 
miles map No. 53 «f/S.W. 

Fig. 2.— Section acToss the comj>(>sito (Jarliwal Sync line showing 
Amri and Bijni Nappes and tlic unconformity below^ the 
upper Tal Calc. grit. (Seale F'--l mile.) 

Fig. 3.—Tectonic section across the Carhwal Himalaya. A prelimi¬ 
nary attempt. (Scale i"==-S miles.) 
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MISCELLANEOUS NOTES. 


An inclusion of coaly shale in Deccan Trap at Indore, Central 

India. 


In July, 1934, the Director of the Institute of Plant Industry 
sent a sample of ^ coal' discovered at a depth of 19 feet from the 
,, . . surface as an inclusion in ‘ black trap rock ’ 

‘”“""”"""‘1““™- at Into (22“ 43' ; 75' 51'), Central IndU, 

during blasting operations in the course of digging a well. 

Dr. M. S. Krishnan, who was (hirator of the Geological Museum 
at that time, reporled the specimen as ' slialy coal, dull black in 
Atial'scs colour and showing fine bright streaks of mate¬ 

rial (presumably of the nature of vitrain) \ It 
was analysed in this laboratory wdth the following results, an ana¬ 
lysis by Mr. Y. Wad, Chemist to the Institute of Plant Industry, 
being given for purposes of comparison :— 
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Th(^ specimen is thus a coaly shale as it contains more than 

50 ])er cent, ash.^ The ])()wtlerefl mass is registennl as N. 857 in 

the collections of tliis Department. 

Further correspondence elicited the information thaJ the size 
of the coaly shale as found was a})proximatoly 12 inches x 15 

inches X 9 inches. As the w(dl in which the 

mode*^oroccurrenct inclusion was found was full of water, it was 
not possible* to send specimens of the rock in 
which it was (‘mbedded until March. 1935, wlicn specimens of trap 
from abovf* and below th(* coaly shale were received from Indore. 


1 Fermor, L. L., Jiec. (Jcol Ind,, LX, p. 345, (1928t. 
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These were collected in the well at depths of 18 feet (47/867, 23888), 
21 feet (47/868, 23889), and 23 feet (47/869, 23890) respectively, 

the first being above the site of the inclusion, and the two latter 

below it. 

The specimens and sections were examined by Sir Lewis Fermor 
who stated‘ The specimens of both the overlying trap are of 

Examination of spcci- Porphy^l^ic basalt containing not only abund- 
mens and sections of ant phenocrysts of plagioclase, but also altered 
^*’***' phenocrysts of olivine, now completely altered 

to what is probably delessite, with iddingsite in one case. They 

might be parts of the same flow, the highest specimens showing 

vesicular tendencies.’ 

As a result of doubts as to the authenticity of the occurrence, 
advantage was taken of the visits of Mr. W. D. West to Indore 
in connection with the Indian Science Congress, 

Additional sections of ^nd he was requested kindly to examine the 
**^**^* w^ell in question. Mr. West stilted :— 

‘ When I visited Indore in October, 19*15, the water-level in 
the well was too high for me to see anything. In January, 1936, 
however, the water-level was about 25 feet below ground-level. 
Thanks to ]\Ir. F. K. Jackson, in wdiosc compound the well is, I 
W'as able to descend into the well by sitting on a charpoy which was 
let down with rope.s. This gave me a good view of the bides of the 
well all round. 

It is (]uite clear that there is now no trace of coaly shale any¬ 
where in the si<les of the well. The information at Indore suggested 
that the coaly shale was a large “ lump ” situated towards one 
side of the well, and not a seam. It occurred 19 feet down. My 
own observations showed tliat the sides of the well are entirely 
trap, and it is clear that the whole of the coaly shale must have 
been removed when the well was sunk. 

Examination of the sides of the well suggested that there might 
have been a flow junction at 16^ feet down. At this level, there 
was rather a sharp line all round the well, below which the trap 
was very ‘‘ platy ” for six or eight inches, while above and below 
it was more massive, I could see no abundant vesicles near this 
point. 

Cursory examination of the microscope slides (24496-24499) of 
the rock above and below the possible junction showed that there 
are slight differences in the rocks, but I did not have time before 
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leaving for camp to examine the slides very thoroughly. There 
was nothing to suggest it was a dyke. 

There is no doubt whatever regarding the authenticitj^ of the 
discovery. Unfortunately there is no more of the rock left at 
Indore.’ 

Various theories have behn put forward to explain this occur¬ 
rence, but the one that seems to have most support is that the 
inclusion is part of an intertrappean shale 
caught up by a trap flow. AVhatever the ori¬ 
gin, the occurrence has great interest, and for this reason it is 
recorded herewith. 

A. L. COULSON. 


Possible origin. 


Octahedral Pyrite Crystals from the Kohat District, North- 
West Frontier Province. 

My colleague. Dr. J. A. Dunn, identified as pyrite certain small, 
slightly distorted, octahedral c^}^stals which I had given me at 
Kark (formerly Kharak ; 33"^ 7' : 7U 5' 30'') in the Kohat district, 
North-W'est Frontier Province, when I was inspecting the local oil- 
shale occuiTences in January, 1936. The crystals are found com¬ 
monly along the Tarkha Algad near Kark in a '^Laki gypseous 
series overlying the salt marl and are collected by the local small 
boys. The largest crystals have axes of 7-8 mm., but most crystals 
have axes of about 5-6 mm. 

After the thin gothite covering had been removed by sandpaper 
from its faces, Mr, P. C. Roy kindly analysed one of the crystals 
of pyrite for me in the Laboratory of the Geological Sim'ey of 
India with the following results:— 

JVr ceut. 


I\>. 470{* 

S.52-40 


«»-40 


Dr. Dunn's polished section of a crj'stal showed no traces of 
magnetite hut thin veins of gothite which were irregular in placea 
and then followed cleavage planes. This gothite would account for 
the high percentage of iron, theoretical pyrite having 46'G per cent, 
of iron and 534 per cent, of sulphur. A small amount of water 
must also he present. 
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Pyritc, of course, is a corainon mineral in tlie gypseous series 
referred to alwve, and its presence has been recorded often by 
Wynne and Pascoe amongst others. No reference s(‘euB to have 
been made, however, to crystal forms other than the cube anf 
pyritohedron, though I have a recollection of reading of ‘ black 
diamonds really pyrite crystals of octahedral shape, occurring in 
a series of age similar.to the gypseous serie.s at Ivark. 

Though Ford^ says the oct^ihedral form of pyrite is ‘ also com¬ 
mon almost perfect octahedra of that mineral are rare as there 
is usually a development of pyritohedral faces with the octahedral. 
Octahedra certainly occur in Pennsylvania,^ aoeoinj)auied by rarer 
forms with curved faces, Ur. Dunn has noted octahedral faces on 
pyrite crystals in Bawdwin ores from Burma and Mr. B. C. (rnpta 
has shown me octahedal faces on pyrites in association with (jnartz 
and calcitc from Kcraldbari (25'' 45' : 74’ 12') in the Todgarh lahsil 
of Ajmer-Merwara.* However it would appear that the occurrence 
of these small octahedra of pvrito near Karlc i'j worthv of record. 

A. L. C'ovLSo.v. 


Quarterly Statistics of Production of Coal, Gold and Petroleum 
in India: July to September, 1936. 


Coal. 


— 



July. 

1 

1 • 

August. 

j 

j Septemher. 

! 

1 

! i^tuurterly 
[ total for 

1 each 

ProMnee. 




j Tuns. 

Tuns. 

Tons. 

Tons. 

AbBtsm 



j 18.218 

17,793 

15,994 

51,995 

Baluchistan . 



1 163 

345 

369 

877 

Bengal 

, 


i 465,455 

524,006 

002,413 

1,591,874 

Bihar . 


m 

f 856,095 

893,028 

1,030,288 

2,779,411 

Crista . 



1 3,003 

1,692 

2,475 

7,170 

Central Provinces . 

• 

• 

127,109 

106,413 

97,019 

331,141 

Punjab . . 

t 


4,306 

4,418 

10,615 

19,339 

Total 

•j 

1,474,349 

1,547,685 

1 1,709,773 

4,781,807 


* ‘ A Text-Book of Mineralogy after Dana, p. 433, (1932). 

* Penfield, Amer» Joum* Sci., XXXVII, p. 200, (1889). 

* Mem. Oeol Sun. hid., LXV, Pt. 2, p. 169, (1934). 
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GoU. 


— 

July. 

1 

1 

August. 

September. 

Quarterly 

1 total for 
each 

Company. 


! Ozs. 

OZH, 

1 

Ozs. 

Ozs. 

The Slysore Gold Mining Co., 
Ltd. 

8,101 

8,162 

7,900 

24,223 

The Champion Reef Gold Mines 1 
of India, Ltd. 

1 

6,S85 

5,884 

6,694 

17,463 

The Ooregam Gold Mining Com¬ 
pany of India, Ltd. 

4,341» 

4,338 

4,370 

13,066 

The Nundydroog Mines, Ltd. . 

9,635 

9,637 

9,619 

28,-891 

Total 

28,030 

28,021 

27,602 

i 

83,643 


Petroleum. 


1 

1 . 

1 Crude 

1 Petroleum. 

i Total gasolene 
j from natural gas.’ 

1 

1 

Gallom. 

i Gallons, 

Assam. 

10,363,632 

Nil. 

Burma. 

67,489,617 

2,222,493 

Punjab. 

996,720 

114,000 

Total 

84,839,869 

2,337,099 


• These figures represent the total arooiuits of gasolene derived from natural gaa 
at the well-head. Of these amounts, a portion is sold locally as ‘ petrol ’ and the re¬ 
mainder is mixed with the crude petroleum and sent to the refineries. The figures 
given in the two columns, therefore, together represent the total * raw products * oh* 
tained. These remarks apply to the similar totals quoted in previous Records^ 


A. M. Heeoi?, 
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